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ABSTRACT

Effects of Terrain Power Spectral Density Shaping

and Measurement Interval on a Vehicle Ride Simulation

by
Robert E. Keenan, Jr.
Advisor
I. Robert Ehriich
May 1972

A two-dimensional, five-degree-of-freedom, digital computerized,
whee led-vehicle-ride simulation Is tested for sensitivity to two
parameters: the power spectral density slope of computer-generated,
random terrain profiles and the spacing of the discrete profile points.
The vehicle ride simulation is exercised over six terrain profiles of
different PSD slopes but identical RMS elevations. The simulation Is
also exercised several times over one basic profile described by samples
taken at different measurement intervals, Calculated absorbed power
at the vehicle center of gravity is used to compare ride roughness over
the different profiles. The vehicle simulation Iis shown ta be extremely
sensitive to changes In PSD slope. The sensitivity to changes In

measurement interval is shown to be dependent on vehicle size and mass,
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INTRODUCTION

For some time, off-road mobllity has been of menifest importance
to designers of military vehicles, The problem has bc§n to design a
vehicle to traverse terrain with certain characteristics at a
reasonable speed with negligible adverse effects on vehicle payload

or driver,

This study concerns itself with some of the problems: encountered

in.describing and measuring terrain characteristics -- In particular,

ground roughness.

BACKGROUND

The characteristics of a terrain can be numerous. They may
include, among othors, slope, obstacles, vegetation, soil strength,
and roughness. !t has been shown, however, that the single most
speed=-1imiting aspect of off-road mobility is ride dymmlcs.' The
siudy of ride dynamics concerns itself with human and cargo :«sponse
to vibration. This vibration may be caused by terrain roughness
and/or discrete obstacles, and filtered by the vehicle mass, geometry,
and suspension system, Vibration caused by traversal of discrete
obstac les (Iogs, small ditches) is transient in nature and vehicle

speed Is limited more by vehicle strength and operator judgm'nt and
2

experience than by vibrational characteristics.” On the other hand,
vibration due to stationary ground roughnessis close to a steady-state
condition; dependent on vehicle velocity. An operator will, If

properly motivated, Increase the vehicle speed until some degree of
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discomfort is felt. He will then decrease speed slightly. The maxi-

mum speed a vehicle with driver can maintain over a certain terrain,

then, is determined by:
(1) Terrain roughness
(2) Venicle strength and suspension
(3) Driver discomfort (or puyload delicacy)

It has long been recognized that some quantitative measure of the
last of these, driver discomfort, Is necessary to ride dynsmics re-

search. Many studies have been conducted in an attempt to determine

some subjective measure. Van Deusen shows the apparent futility of

this approach and some of the resultant confusion in a composite
graph, reproduced in Figure 1.2

Several quantitative measures have been used with greater success.
They include, but are not limited to: RMS acceleration at the driver's
seat (or the area under the RMS acceleration time hlstory)‘; max imum
acceleration at the driver sut2; the amplitude probability distri-

bution of driver acceleration’; and absorbed power, a concept generated

by Lee and Pndko3

by the humen in the vibration of his limbs and flesh and counteracted
3,

which Is Intended to quantify the energy dissipated

partially by muscular conitrol. In the words of Lee and Pradko

The important characteristics of absorbed power are
are that it has physical significance and therefore
"can be measured as well as computed analytically; and
that since power is a scalar quantity, absorbed power
can be summed in complex multidegree of freedom systems
to determine human response.

The results of an earlier effort by the same authors show that

absorbed pover levels measured at the driver's seat seem to agree more
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1. Zlegenruecker and Magid ''Actual bodily harm
feared" :

2, Megid & Coermann '‘'One minute tolerance'

3. Diekmann 'Intolerable"

L4, Gorrill & Snyder 'Alarming"

5. Parks and Snyder 'Alamming" (3/4" felt pad)

6. Zeller '"Upper tolerance limit"

7. Goldman ‘'‘intolerable'
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Figure 1, Subjective Ride Criterion




4

e
- -

closely with subjective ride evaluations than do RMS accelcratlons.“
Thus, the current study will use the absorbed power concept. Even
among proponents of this criteris, there is confuslion over the
question of what level of absorbed power should be considered speed-
limiting., Six watts, bclqg a generally accepted figure, wlll.be used

herein with no apologies to those who consider It too low,

This research concerns Itself, not with the driver discomf&rt

or vehicle systems problem, but with the first factor mentioned above

== terrain roughness.

Recently, (1972) power spectral density (PSD) estimates have been used
to describe terrain roughness statistically. The mathematical
definitions of PSD will be discussed in some detail later. When PSD
estimates for real terrain waveforms are required, the problems of
aliasing and stationarity become important. Allasi.-g Is a condition
where false evidence of certain frequencies appears because the
discrete sampling interval is longer than the shortest wavelength
present. Stationarity, briefly, is the absence of long-range chunges

in underlying statistical properties.

The first proposal of the PSD's use to characterize stable ground
roughness came from Kozin, Cote, and Bogdanoff in 1963.5 They. found
that for ''visually constant'' ground roughness, stationarity could be
safely assumed for terrain segments up to 2000 feet. They used
running averages to correct for unavoidable long-range trends such as

hills,




R- 1646

‘iuﬂnbﬂ“b -

bemd  fod Jasi B4 ) Py O

Others have shown that the PSD curves of most natural and man-made

surfaces can be approximated with the equation:

PSD(f) = Cf" (1)

where f = frequency

which defines a straight line on a log-log plot, with slope of n.
(3 4
Van Deusen, in 1967, gave evidence to show that for most natural or 3

man-made surfaces, the slope is roughly -2,

Other researchers have subsequently used the -2 approximation In

[t ]

ride dynamics work, using computer simulation of both the terrain and

e e R T L

the vehicle. Before substantive work using a computer simulation Is

undertaken, the assumptions made when implementing that simulation

- i

must be shown not to significantly affect the results of the research.

In past studies, several assumptions have been made regarding the

N‘
L

computer-generated terrain profiles:

(1) That the profiles pass the test for stationarity.

.
[a

(Murphy used a program called STANOR to actually

_—y
i——-'

test his proflles.)|

(2) That, as mentioned above, the sliope of the PSD

curve Is -2,0 for any real terrain.

(3) That the input spacing can be set to any

= | OO | =

arbitrary value (Murphy used 3.07 inches;

Kozin used up to 2 feet to estimate the PSD's
%)

of reai terrain
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The first of these ussumptions seems reasonable; especially If the
input is generated from random numbers which are stationary. This
will be discussed In more detall later. The second two leave some

Questions unanswered.

in recent work, as yet unpublished, Murphy has measured over
sixty actual ground roughness profiles. He has found that the slopes
of their PSD curves vary from -0.6 to -2.3. Does the assumption of a
=2,0 slope, then, cause significant errors in ride analysis? To
answer this question Is the first objective of this research. This
objective will be attacked by testing the vehicle ride simulation for
sensitivity to changes in PSD slope, keeping other statistical

parameters constant.

The second assumption concerns a more practical matter., An

' investigator involved in taking fleld data for terrain roughness

analysis has to trade off time and money considerations against
accuracy. Taking data points using transit and rod Is time consuming
-= thus expensive. Taking data closer together increases cost; while
choosing too great a measurement Iinterval decreases accuracy.
Theoretically, some point exists where further reduction of interval
wastes money. Likewise, at some point a further Increase causes a
serious reduction in accuracy. The second objective of this réport
is to obtain some quantitative grasp of the accuracy of vshicle model
performance versus distance between data points. This will be
accomplished by creating a single terrain profile with a small

interval and exercising a computer vehicle simulation over this
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terrain at different measurement intervals.
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DISCUSSION AND COMPUTER CALCULATIONS

NOIPSD

The first requirement of this studf was the generation of terrain
profiles, created with random amplitudes. In addition, some control
of statistical properties was necessary. A computer program (NOISE!)
written for this purpose was obtained from Mr. N. S. Murphy Jr. of the
Waterways Experiment Station. Another program, PSD, was designed to
accomplish the PSD estimation. To reduce the execution time, NOISEV
and PSD were combined to form the program NOIPSD. Unfortunately, both
were written for a GELOO machine, while the computer avallable was a
POP=-10. This necessitated several adjustments Iin the program, In
addition to translation into a different Fortran language. A
description of the program and the changes made in Its basic structure

follows. A program lising Is in Appendix A.

First, a random number generstor was required. Since these
generators (sub-programs) are generally machine-specific, some
alteration of the program was necessary. An internal POP-10 program,
called RAN(Z), was used to obtain twelve uniform random numbers
between zero and one for each profile point. It was desired that each
terrain prdflle be different. RAN(Z), however, has a fixed starting
numbsr for each program execution, This is analagous to having a
fixed table of random numbers from which to choose. Obviously, then,
each execution would result In the same profile shape. |t was decided

to use a scheme In which a "skipping number'' was used to cause the
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program to produce different profiles while maintaining their random
nature. Twelve normel random numbers between zero and one are used
to obtain random numbers with zero mean by the uniform deviates
method:

v

j = o, (B2 - 6.0 () = 1,2,3,...,1200)

vhere VJ = a random normal number with zero mean
z; = a uniform random number from RAN (2)

W " desired standard deviation of V

Before each twelve numbers used from the ''table' of random numbers,
NG (the "skipping number'') points were skipped. NG should be kept
relatively low to reduce computer time. Prime numbers were assigned

to NG each time NOIPSD was run to Insure profile difference.

After all the Vj's are determined, their mean is computed., It
should be zero and usually is very small. To make sure, each VJ is

then shifted by the computed mean.

This procedure gives white Gaussian nolse, which has essentially
8 level power spectral density curve. The above spectrum Is shaped

using a digital simulation of an analog low-pass filter:

=-QT

Y [1 e

P - V'+Y

where Y' = the resulting profile

o = the spacial cutoff frequency

T = the interval between points (constant)
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The product at Is used to adjust the frequency content of the
profile, For most of this study , T was kept at a constant 4.0
inches, The value chosen for o , then, determined the ultimate
power spectral density slope. A table of & values was d'ctomlmd
by trial and error and is given below:

Table |
(valid for v = 4,0)

Desired Use NG Use o
S lope of of
-0.60 2 .2575
-1.20 19 .0888
-1.85 13 .0129
-2,00 7 .0052
-2.15 1" .00138

"2030 3 0000'6

Next, the desired RMS level (DMS)* Is achieved by computing the
actual MS (ARMS) and adjusting each point by the factor DRMS/ARMS,
This results in the desired results, and completes the profile gen-

eration portion of the program,

Before continuling on in the program description, the mathematical
definitions of the autocovarlance function and power spectral density

estimation need to be presented,

*Nms in parentheses indicate program variables. See Appendix A,

1
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Assume X(t) Is a continuous, Infinite waveform, The covarisnces
(CU) are deflined by:7
° [X(t,)-K(t,)Ixx(¢,)-N(¢,))
a:o{ (t))=X(t))I*x(e)-X(¢,) }

where X Indicates the mean,

Since the terrain waveforms are created with zero mean, Y(t|) -

i(tj) - i‘(tn) = 0,0, It follows that:

cU - a;o {x(t,)*x(tj)}

Furthermore, assuming stationarity, the covariances will depend on

time separation only.
€y = C(t|-tj) = C(7)

where T Is generally called lag. From this, and assuming ergodic

properties, the covariance at lag T can be written:

c - X(t)xX
(7) a:o{ (t) (t-n)}

or,in functional notation:

I T/2
(1) = lln-.i.-[ X(t)*X(t+T)dt (2)
=" Joan

which Is generally called the autocovariance function. Equation (2)

may, In the Ideal case, be reduced to:7
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2
. .
c(r) = f p(f)we'2Mrys | (3)

d ‘ «®
K where

T/2 2
‘ ) = limd X(t)we~ '3 tqy ()
¢« T_.. T
n -T/2
which defines P(f), the power spectra) density of the X(t) waveform.
e Note that t, the independent variable, may be elther time or distance,

If Equation (3) Is inverted, the power spectral density (PSD) Is

4 " seen to be the Fourier transform of the autocovarlance function:

[li P(f) = ‘/‘c('r)*o'n"f'rd-r

Since C(T) !Is an even function (symmetric about the zero axis), the

ﬁ equation may be simply written:

P(f) = 2[0(1)*cos(2ﬂ1)df
0

In the particular case considered herein, the data to be

E analyzed is discrete and equally spaced. One very important problem
: to be ~~nsidered In these cases is allasing. |f the data is talien
' from a continuous waveform at equally spaced intervals, as would be
o‘i the case In recording a real terrain, some frequency estimates are

distorted, The basic problem Is I1lustrated In Figure 2 which shows
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Figure 2. Example of Aliasing
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how, In equi-spaced sampling of a sine wave, an imeginary longer
weve length appesars to be present. In the present case, the discrete
terraln data are not measured from a continuous source, but created

in Its discrete form. The highest frequency possible Is 1/(24at) which
is used as the high cut-off frequency. Allssing, in this special

case, Is of no concern,

For discrete data, Blackman and Tukey suggest a three-step msthod

for power spectral density utlntlon:7

(1) 1f x(1),x(2),X(3),...,X(N) is the discrete series with
interval AL between values, the autocovarlance is

computed with lag T = kAL as follows:

! N-hr
¢(M = Thr qofo (X(q)*x(qﬂ\r)) (5)

where N = number of points
res 0,1,2,...,m
m £ N/h = maximum lag

h > 0 (integer)

(2) The raw spectral estimate s computed:

1
V(ir) = AT [co +2 :il (c q1'cc:os(qrﬂ/m))<n- cm*cos(rﬂ)] . (6)

where f(r) = r/(2maT)
re= o,l.z,...,;n

€y = c(7y)



(3) Due to the finite number of data to be snalyzed and the
discrete number of lags, the spectral estimate must be
smoothed, Hemming is used in this analysis:

ur) = AV, ¢ le Ay [vm + v'_j] (7)

where, for hamming: (1=3)
- A,o - ooS“
= 0,23

|

g __“—I-—_ mhb—.:!—l-— —

A3

{ Ayj = 0.00 for J = 2,3,4,...

L

g e
—

Returning to the computer program, NOIPSD, the first step in the
PSD estimation process Is to compute the maximum number of lags (LLAG).
From Blackman and Tukey the equation Is:’

LLAG

B e o]

where K = the equivalent number of degrees of freedom of a chi-square

"

distribution
N = number of points In profile

LLAG = number of lags (max lags)
t = profile spacing
Solving the above equation for the number of lags:

6N
LILAG = TOKe2)

——— = B
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Obviously, a balance exists among the number of points, N, the
number of lags, and K. The cholice of K determines the degres of
asccurecy of the estimate, as seen Iin Figure 3. It shows the distri-
bution of PSD estimates, for Instance, as fixed multiples of thelr
average values. As an example, consider a PSD estimate which has an
average value of 10 ln’/cyclc. For K = 10, Individual estimates will,
in the long run, fall below .49 times Its average value (4.9 ln’/cyclo).
In brief, 80 percent of all values would fall within the Intervil 4.9
to 16,0. As cen be seen, higher values of K give higher accuracy. But
for a fixed N, the numbi.r of lags decresses with K, reducing the
amount of Information In the PSD curve. Thus with a very high K, one
point on the PSD curve would result. (It would be vary accurate, but
not of much use, For N = 1200 and T = 4,0, a value of K = 20 glives
30 lags. This value of K gives reasonable accuracy of estimates while
glving a reasonable number of lags. Since the progrem must allow for

changes in N and T , the squation was written:
m = LLAG = G6N/(62*7)

which is used In the program.

The autocovariance computation is done by using h=] in ejuation
(5). A check Is made on the RMS level at this point by taking the
square root of the first (r=0) autocovariance, which should equal the

deslired MMS,

Next, the raw spectral estimates (PX) are computed using

equation (4), and smoothed by hamming to give the smoothed power
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spectral density estimates (SPX):

SPX(1) = .SuPx(1) + .L6PX(2)

S"(j) = .23qu-|) + SUPX(]) + .23PX(J+1)
(1'2.39“90000"')

SPX(m) = .SUPX(m) + .L6PX(m-1)

Finally, after discarding PSD points outside the low and high
cut-off frequencies, the smoothed PSD estimates are fitted to a
straight line ~n a log-log plot, using a least square fit routine.

The result Is an equation:

PSD = Cf"

where C = the Intercept of the line at f=1,0
f = frequency
n = slope of the line

This completes the discussion of NOIPSD.

VEH

‘I’h; next major requirement of this work was a vehl?le simulation,
Again this was, in its original form, obtained from Mr, N, S. Murphy
Jr., VES, The program was also translated to POP-10 FORTRAN IV for
use herein., Several subprograms were changed or added for this study,
including DATA, GAMSUB, WHEELS, PRINT, and FILIN. Basically, this

computer program is a 2-dimenslional, 5-degree-of-freedom simulation.
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The following assumptions were made In deriving the equations of

motion:

(1) The vehicle sprung mass is rigid.

(2) The only forces acting on the sprung mass are
suspension forces,

(3) There Is no surge acceleration or motion In sway,
yaw, or roll degrees of freedom.

(4) Pitch Is small enough to allow a small-angle approximation,

Assumption 3 was made reluctantly, but was necessitated by time
and cost considerations. The others are reasonable considering the

purpose of the simulation,

Figure &4 shows a schematic of the general wheeled vehicle model.
Three axles are shown and that is the maximum number which can be
simulated with this model, A two-axle vehicle is modeled by setting
13, l.,., and my equal to zero., Thus, the one model can simulate almost
any conventional vehicle, In this study, onc 2-axle and one 3-axle
vehicle are used. They are the M15) Jeep and the M35 24T Truck,

respectively,

The equations of motion were written using Newton's Law on each

of the free-body masses shown In Figure 5.

Body:

Sum of vertical forces:

mi = F)+Fy=-mg (8)
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Figure 4, Schematic of General
Wheeled Vehicle Model
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Sum of moments about pitch axis:

L, cos 6 = F/2, cos © (9)

19 = F\4, 242

Unsprung masses:

Sum of vertical forces:

m"i' = <F, -mg + P, (i=1,2,3) (10)

The angle B Is defined in the rear suspension geometry as in
Figure 5. The forces F'.Fz' , and P, are (+fined:

F, = k,Alw,Az
y 8 zl-z-ll sin ©

LI = z'-z-zl 6cos 0

-
[ )
[ ]

kydytC,8,
’ Az = zz-z-u.z sin © -z, sin B

52 - i2-2+£2§ cos 0 -l.3 8 cos B

F3 = kyyeCyly
A3 - 13-z+£2 sin 0 + "lo sin B

A3 - i3-i+zza cos O + l.,, acos B

P' = forces from terrain profile as transmitted by

the tire model,
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‘which defines the number of profile points (FYIN) to be skipped between

The program named VEH is designed to solve equations 8, 9, and
10. Basically, it performs Its function using a fourth order

Runge-Kutta=Gi 11 algorithm, A program listing is In Appendix B.

Before the calculations are begun, program options and variable
parameters are fed Into the program, normally by teletype on a remote
hookup. The program options determine which parts of the proy .m
will be executed. The variable parameters include the Input profile
name, tire deflections, vehicle velocity In miles per hour and the
teletype printout time interval., These parameters will be explained

more fully In the text that follows.

First, VEH calls subroutine FILIN. On this initial call, FILIN
requests an input of desired AL (DELTAL)*, which may be any integer
multiple (21) of the input profile spacing. FILIN then reads the
actual input profile spacing (SPACING), the profile identlification
line (FID) and the first ten profile points (FYIN) from the input

file. A parameter, MM, is then calculated by the following formula:

DELTAL

MM = SPACING

each two points returned to the main program. Thus, If the spacing
in the input proffle is 1.0 inches and the desired spacing is 4.0
inches, MM = &, Every fourth point will be returned to the main

program, This feature was added to allow investigation in this study

*'l'ho words in parentheses are the purameter names in the program
listing, See Appendix B.
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of the effect of Input profile spacing on simulation performance.

After the vehicle name and the program options are read, the
program calls subroutine DATA, DATA sets the vehicle parameters to
the proper values, |t must contain every vehicle parsameter necessary
to simulate the desired vehicle, Some of the data statements contain
values of Interest only for tracked vehicles. The tracked vehicle
subroutines are not included, but the data was left In case later
investigators wish to use the program, The tracked vehicle subroutines
are avallable If desired. For wheeled vehicle simulation, a list of

necessary vehicle parameters for Inclusion in subroutine DATA Is given
in Appendix C,

After most of the parameters are set, but before returning to the
main program, DATA calls subroutine GAMSUB, which computes the
parameters used in the radial-spring tire model. The tire model Is
constructed under the assumption that a tire can be simulated by a
series of radia) springs, as in Figure 6. In the original program,
the calculations done in MUB were made by hand and Inserted through
subroutine DATA. In this study It was desired to change the Input
profile specing from one execution to the next. Thus, GAMSUB takes
into account the input profile spacing (DELTAL) and ''creates'' radial
springs such that the distance between the projections of thelr outer
ends on a horizontal surface will be exactly equal to the profile
spacing, Thus, Dl' Dz""’okk are multiples of DELTAL. The maximum
angle allowed from the vertical Is roughly 53 degrees. One spring Is

always placed vertical, the others symetrical to front and rear,

e M il ). 3

it sou” .




e
| Se—

Figure 6. Tire Model
Spring Locations
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Basically, ¥ (GAMMA) Is the vertical component of the radlial
spring force-deflection function. Each radial sérlng is assumed to
have the same spring rate, which is determined separately for each
tire from the tire force-deflection curve, The curves for MIS! tires,

for instance, are shown In Figure 7. The curves are very close to

being straight lines, so a linear approximation Is used, The load on

each tire Is computed (note that for 3-axle vehicles the rear tires
are assumed to be duals) and typed out, In order from front to rear,
on the teletype. After each load, a tire deflection is entered by the -
operator. Care must be taken to enter the deflection at the propes
inflation pressure., The MIS] Jeep, for instance, should have 18 psi

in the front tires and 22 psi In the - sar for cross-country cum'ation.8
GAMSUB then computes the radlal spring force for'uch tire. SPKF,
SPKR1, AND SPKR2 are the program variables for these spring forces

front to rear. They are computed in the following manner:

Suppose the dead load on the tire causes a tire deflection (Y)
as in Figure 8. The radlal spring oconstant (SPK) Is computed from the
dead load (WEIGHT) and spring deflections (DELTA) as follows:

NSEGS

WEIGHT = T SPKkcos ®*DELTA, (n)
j=])

where SPK*cos 9| = the vertical component of SPK v
NSEQS = 2*%KK+]! , the number of radial springs in the tire model,

SPK = mﬁjﬂﬂ" (12)

L cos L) *DELTA

R D)
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since SPK is assumed constant. In addition, since cos 6' cen be

written (see Figure 6):

-4
’l-— &

cos 9' -

equation (9) becomes:

SPK = WEIGHT
o (13)

IEI . DELTAl

(1f DELTA' is <0,0, DELTA' = 0.)

THRESH, = R - o,' (see Figure 9)

R = the undeflected tire radius

Note that in this case, Y causes deflections only in three of the
radial springs, Thus, DEI.TA| - (:ELTA2 - DELTA6 = DEI.TA7 = 0,0 and

equation (11) becomes:

S WE IGHT
b’ o,: 25’_
3 b
£ * DELTA + ¢ * DELTA, + 32 * DELTA,

The radial spring rates for different tires on the same vehicle
may vary, elther because of dlfferent inflation pressures or different

load distribution,

As the final step, GAMSUB computes the values for GAMM.by the

equation:
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GAMMA - SPKJ * cos 0'

1
i=1,2,3,...,NSEGS
J=1,2,3 (axle number)

For computer notatio;, the GAMMA's are numbered from front to rear of

the vehicle as shown In Figure 10,
Jront of vehicle =g

Figure 10: Numbering Scheme for Tire Segments

Upon return to the main program, the number of steps to be used
in the Runge-Kutta=Gill (RKG) algorithm is computed, based of vehicle
velocity. The step size is desired to be roughly .001, which is
sdjusted slightly to insure an exact number of steps betwesen Input

terrain profile points. This completes the preliminary calculations.

The program enters an integration loop at this point, starting
effectively with the calling for the second time of subroutine FILIN.
Each time FILIN is called from the Integration loop, it simply returns

one profile point (YIN) to the main program,

If a detailed output file Is desired, the program calls FILWRT,
which writes time (T), YIN, and absorbed power (ABSPWR) for eath step.

It also writes displacement, velocity, acceleration, and RMS
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The force exerted through the suspension system to the body must now
be computed for each axle,

WHEELS allows considerable flexibility In modeling spring-
deflection-vs.-force curves and In modeling damping-force-vs.-
deflection-velocity curves. Both curves are specifled by data state-

ments In subroutine DATA,

The spring force-deflection function of a typical suspension
spring can be approximated by five 1inear segments, as shown iIn

Figure 11,
The deflection axis can be divided Into five regions:

Region 1: == to X,
Reglion 2: Xj to x,
Reglon 3: X, to X3
Region &4: X3 to x,
Reglon §5: X, to +=

The x; are the reglon limits (SLIMIT,).

In each region, the force-deflection function Is approximated by

a linear equation of the form:

FORCKI = m¥% SPDEF' +C

where FORCK = resultant spring force
m = slope of the line (SSLOPE)
SPDEF = deflection of the spring
C = intercept of the line at SPDEF = 0,0 (SINT)

| = axle number

3
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scceleration of the center of gravity, tho.pltch,. and each axle, |If
the teletype printout interval is exceeded, subroutine PRINT Is
called, which causes the same Information to be typed out. I[f desired,
PRINT will cause only time and absorbed power to be printed out.

PRINT also asks the operator |f he desires to stop execution., |f the
snswer s yes, the main program transfers out of the Integration loop.

If ths answer Is not yes, the main program then calls subroutine SHIFT,

SHIFT, as the name Implles, causes each profile point to be
shifted by DELTAL inches to the rear of the vehicle. The main program
then sets the first profile point to equal YIN and continues.

Next, the differential equations are solved. For each RKG step
between profile points, the suspension forces are calculated by o
subroutine called WHEELS.

The first thing done by WHEELS Is the computation of the forces
on each axle (FORCW). It uses the same method as before to determine

redial tire-model spring deflections, DELTA:

DELTA| - Yk - THRESH' - ZJ

where | = axle number
no negative values of DELTA are allowed

Yk = elevation of the profile point under the k-th spring

The axle forces (FORCW) are:

. NSEGS
FORCW, = 'z' DELTA *GAMMA,  (J=1,2,3)

o S
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Figure 11, Segmented-Linear Spring
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The simulation of *~e suspension demping function is essentially the
sems. Detalls are glven In Appendix C.

Thus, after computing the suspension spring deflection (SPDEF)
and deflection velocity (DSPOT"), subroutine WHEELS c&uparn their
values with the region limits, decides which equations to use, and
computes the suspension forces (FORCK and DAMP).

Execution then retums to the main program, which immediately
calls subtfoutlno RUNGE, the RKG Integration schems. Next, If the
absorbed power option is requested, subroutines POWER and RUNGE are
used to compute it.

The concept of absorbed power in mobility ressarch appeared as
an attempt to resolve the confusion in driver vibration limits ex-
hibited by Figure 1. It was theorized by Les, Pradko and others>’"
that the driver will adjust the vehicle conditions (e.g., speed) so
that he can completely absorb, by flexing and unflexing his muscles,
all the power of the vibrations he receives from the vehicle in order
to keep his eyes or hands steady to see clearly and operate the
vehicle controls. A series of experiments indicated a great deal of
merit in the concept and determined that € watts was a general level
of power that the humen can or is willing to absorb during driving.
This has been accepted by meny investigators in ride dynamics, not
$0 much as an ultimate truth but as the best availlable now.

In the course of these studies several ways of calculating
absorbed power were developed (the first three reported in Lee and
Pndko3):
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A. For Infinite averaging time:

T
]
absorbed = | F(t)v(t)dt
average sbso power T' 7_/0' (t)v(t)

where: F(t) = Input force to the driver support (e.g., seat)

V(t) = input velocity of the driver support

8. For a finite averaging time:

1 d2P(t) = dap(t)

m2 dta dt
n

(Z) + p(t) = KF(t) W(t)

P(t) = finite average absorbed power

[ = demping factor

0, = lowest frequency to be averaged (rad/sec)
F(t) = Input force to the driver support

V(t) = input velocity to the driver support

K = conversion constant

C. In the frequency domein, it can be computed:
N
P= T K(f,)(RHS,(f,))
=0

where P = finite average absorbed power
K(f') = parameter dependent on frequency |
MSA(f') = RMS acceleration at frequency |

Tables of K(f') are glven In Reference 3.

D. Recently, work has been done at WES to create an algorithm to

compute absorbed power In the time domain. The result was the following
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set of equations, derived from the analog circults shown in Figure 12,
a(t) Is the acceleration of the driver support, the other variables
my be considered as Intermediate quantities needed In the calculation
of absorbed power.

kyy = =0.1755 a(t) - 2.Th2 u,

i = -10755 .(t) - ﬁoa x" - k6067 x‘o

10
l.l2 = «0, l755 .(t) - |.0~2 x'o

k9 = =10 u2 - 602‘9 u'

ie = -|0 02 - 78.$ % L] 55028 xe
up = Uy - 3.246 xg

L, = =100 u; - ¥T.78 u,

i6 = =10 u‘ + 7'.6 ‘, - 53."‘9 x6
Uy = = u' + '03‘8 X6

x_. = =100 b = ) Xg

ie = -0.0|29'4 .(t)

i' = o.m3 & xs

100 X

in a study yet to be published, Murphy has found this latter algorithm

to be accurate within the frequency range of Interest (.50 to 20 cps).

His version of subroutine POWER was used in the program.
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After the Integration schems |3 completed for each si:op, the
output scaling is accomplished, RMS accelerations are calculeted,
and a new profile point Is obtained from FILIN to begin the inte-

gration loop anew.
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Figure 12. Analog Circuit for
Absorbed Powe‘r Computation
given by Murphy
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TEST PROCEDURE AND AESULTS

I, The first objective, as stated previously, was to test the
sensitivity of the vehicle simulation to changes In the PSD slope of

the Input terrain profile,

Six terrain profiles were created, using NOIPSD, with PSD slopes

|tk o

renging from =0.6 to =2.3, Each profile had 1200 points spaced at
beinch intervals and an MMS elevation of 4,0 inches. The Inputs to

NOIPSD for creation of these profiles are rspeated in Table 2,

Table 2
(valld for 1= 4,0)

&S B S see M R M e B

=

Desired Use NG Use @
Slope of of
1 -0,60 2 +2575
] -1.20 19 .0888
-1.85 13 .0129
} -2,00 7 .0052
: -2,15 n .00138
.} -2.30 3 .00016
D For PSD u.tlmtlon. s low cut-off frequency (FLOW) of .0002 was used
In each case., This caused the zero-frequency estimation to be
deleted while all others were used in the curve-fitting routine, The

zero-frequency (or Infinite wavelength) component of the terrain

profile would have no effect on the vehicle simulation., The resultent

= 80 ==




PSO dete and equations are shown In Figures 13 through 18, Figure 19
shows all six squations superimposed for comparison,

Figures 20 through 22 show the initial 4O feet of the terrain
profiles. The vertical scales of the profiles are distorted by a
factor of eight, so they appear rougher than they should. The high
frequency component can be seen to decrease as the PSD slope becomes
larger, which conforms to the expected trend.

Originally each vehicle was to be exercised over each proflle,
and by trial and error, a ''critical speed' determined. This critical
speed was defined as that speed at which the vehicle exhibited six
watts absorbed power at the driver's seat. The MIS1 Jeep simulation
was exercised first, Each simulation was run unti] the absorbed
power seemed to stablilize (unti! several consecutive values were
very close). This normally took from 46 seconds of real time. The
foltowing results were thus obtained:

Table 3
PSD M151
Slope Critical Speed
(mph)
'0060 2
-|.20 2
.'.85 “
-2.00 5
'2.'5 |0
-2.30 l7

This data Is plotted In Figure 21. At the end of one of the last runs,
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AN |

PSD=2.8716(freq)” * 400

S

PSD (lnz!crcillln)

frequeﬁcy

(cycles/inch)

Figure 13. PSD of Profile !
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Figure 4. PSD of Profile 2
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PSDe= . 6446 (freq)” ' -850

— el ] T N R oM OO

10

FSD (in2/cycle/in)

frequeﬁcy (cycles/in)
Figure 15. PSD of Profile 3
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Figure 17. PSD of Profile §
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however, the absorbed power jumped up sharply. To determine what may
have happened, the MI5| was exercised over one eﬁtlro terrain (slope
of -2.3) at a velocity of eleven miles per hour. The absorbed power
was plotted using a special computer program, PWRPLT (see Appendix D).
For this execution the absorbed power leveled off at a value of 5.3
watts after about 18 seconds of ical time, as compared to where it
began to level off at 3.4 watts around 6 seconds. Thus, the critical
speeds determined for the M15) Indicate the sensitivity of the

simulation but can be assumed to be about 50 percent too high,

Since it took four or five runs to find each critical speed, it
was determined that to continue the ''‘critical speed' approach would
Increase the cost of the program by a factor of from3 to 5. Since
the necessary funds were not avallable, a slightly different approach

was taken,

First, each vehicle was exercised over each terrain profile at
5 mph and at 18 mph, These two speeds are near the relative minimum
and maximum of off-road mobility expectations and should exercise

each vehicle In most of Its tolerance range.

Second, Instead of measuring discrete absorbed power values, a
new subprogram, AVERAGE was written to compute a running average and

PWRPLT was used to plot the average absorbed power.

Each vehicle-profile comtination underwent a 15-20 second
simulation. The final average absorbed power was used to determine

simulation sensitivity to the PSD slope of the Input terrain profile,
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The results are glven in Figures 24 and 25,

Unfortunately, at both 5 mph and 18 mph on the terrains with
PSD slopes of -0,6 and -1.2, both vehicles exhibited large pltch
varistions. Since a small pitch angle approximation was used to
derive the vehicle simulation, all data on those profiles was

considered invalld and is not included Inthe analysis.

There Is no sclentific reason to draw a straight line between
the two points at each slope, In fact, according to Murphy's dat..'
the lines should probably be concave downward (second derivative of
the power with respect to slope negative). The lines are drawn simply
to enhance visual comparison, Even a Fasty Iinspection makes one thing
obvious -~ the vehicle model Is extremely sensitive to the PSD slope
of the terrain profile input., Of significant Interest Is the
sensitivity in the region from -2,0 to -2,15, since many natural
terrains fall Into this reglon. The overlepping of the lower two

lines Is probably due to statistical scatter in the profile generation

process,

R- 1646 :

53

Aot

B 1 T il latiamas™

ot £kl ) o Lot A cas




N-1686

:

-
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Figure 24, Results of MIS! Average

Absorbed Power Tests
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Il. The second objective of this research was to study the sensitivity
of the simulation to changes in profile spacing. One random profile
was created using NOIPSD with a profile spacing of 0.5 inch, One may
th.nk of this profile as constant, as If it existed Iin Nature somewhere.
As the profile spacing (measurement Interval) is changed, the profile
itself will not be altered. What will change is the distance between |
poliuts which are used as input to the vehicle simulation. The first
few feet are shown in Figure 26(a). Since straight lines are used to
interpolate between point. in the vehicle simulation, they are drawn
between them in the figure., If a one inch interval is deslired, every
cther point is 'read'" by the computer and the result is a profile as In
Figure 26 (b). The measurement interval is increased by .5 inch
increments in Figures 26 (b-j). Note that as the measurement interval
i. sreases, the profile appears to become smoother as the valleys are
bridged and the peaks . .ttened by the linear interpolation scheme,
The 1/2-inch-interval points are repeated in Figure 26 (g) for
comparison., Note how the first valley has been gradually disappearing

and the peak is completely flat,

For this test, an RMS elevation of 1,0 Inch was chosen In order
to deplct a more natural terrain. A PSD of slope -1,850 was specified
to keep away from the 2,000-2,150 instability region. The deslired
profile was obtained from NOIPSD, stipulating NG = 7, N = 1800,

RMS = 1,0 and v = 046 In the Input phase. The final PSD equation was

PSD = ,001134 (freq)"'850 (see Figure 27),

e el e e
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Each vehicle simulation was then exercised over the profile at

ditferent measurement intervals. Velocity was maintained at ten

miles per hour. The simulation was exercised until a steady-state

absorbed power level was reached and the average absorbed power was

used to compare results., Table 4 and Figure 28 show the results.

3 Note that the average absorbed power for the M35 maintalins an

4 [ essentlially constant level throughout the tested range of measurement

Interval, In fact, at sixteen inches, the tire model consists of only

one vertical spring -- a "point follower.'' Thus it appears that for

the M35 truck and probably for other heavy, long-wheelbase trucks,

3 o
= =

a "point follower' tire model is sufficient,

e
| ——

For the MI51 Jeep, however, the plot shows a steady decrease in

average absorbed power, after about 2.5 or 3.0 inches. For the MI51

ard probably for all short-wheelbase, small-tired vehicles, It is

obvious thet a smaller measurement Iinterval Is required to provide

SO S S

numerically stable absorbed power values. The data Indicate that an

T e

interval of as low as 2,5 inches is necessary. For profiles with

higher RMS elevations, the interval may be even smaller,




Table 4

Measurement Average Absorbed
I?E.E!! Power
nches iwatts)
MI51 M5
1.0 7.206
1.5 7.000
2,0 7.221
2,5 6.740
3.0 7.819
3.5 6.085
k.0 8.734
b5 7.129
5.004
6.0 6.236
4.329
L.256
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CONCLUS IONS

1. The vehicle simulation is extremely sensitive to PSD slope,

especially In the neighborhood of -2.0,

2. The vehicle simulation is sensitive to Input profile spacing
for light, short vehicles, A very small measurement interval of from
2.5 to 3 Iinches is necessary for numerically stable average absorbed

power values,

3. The vehicle simulation Is relatively insensitive to variations
in measurement interval for heavy, large vehicles. Thus a much

longer measurement Interval is possible and a vastly simpler tire

mode! can be used.
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RECOMMENDAT |ONS

1. That the sensitivity of the model be further tested using

ey el e e e

o terrains differing in PSD slope by much smeller Increments between
-1,85 (or even =1,70) and -2.30.

Ll

[ 2, That the M35 simulation be further tested for sensitivity

1 over terrain profiles with greater RMS elevations and different

] i
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APPENDIX A(Documentation of NO!PSD)

!. DESCRIPTION: This program Is a combination of Murphy's two programs

NOISE) and PSD., It first generates, using Gaussian noise, a rendom

O &5 ) e

terrain profile with zero mean and specified RMS elevation.

i1, INPUTS AND OPERATING INSTRUCTIONS:

Gl e e oS s T o

A. Prior to execution:
1. The equation FLAG = 6*N/(TAUX62) Is written assuming

20 equivalent degrees of freedom. It comes from Blackman

— 0 £

and Tukey, sectlions B.23 and 8.21&.‘.

)|

|
)

2. The PSD estimates are smoothed by hamming. |f other

. smoothing is desired, the appropriate parts of the pro-
gram must be changed.

8. During execution:

1. NG: May be any number, but to Insure differences among

TR

b S o= I seuus R smacs B s B s B oot BN o RN e

profiles, a prime number should be used,

2, SHORT TYPE OUTE Answer YES or NO,

a. YES causes a reduction In program options, setting

TAU = 4,0, RMS = 4,0, N= 1200, and no output files
are created.

b. NO causes the program to run normally, with all

options open.
3. In put of TAU, N, and RMS: If no new values are entered,
the program will set them to 4.0, 1200, and 4.0

respectively,

A




N ——1

[T [ [ [y ey g

5.

111, OUTPUTS:

R-1646

ALPHA: This is the parameter used to adjust the slope

of the PSD curve.

FILES? Answer YES or NO,

a. YES ceuses the program to ask for flle names, whl.ch
are entered If required. If no entry is made for
either, that flle will not be opened.

b. NO causes no files to be created.

FLOW = : Enter the desired low cut-off frequency. If

zero s entered, the program will set FLOW equal to .0002,

which normally causes only the zero frequency estimate to

be deleted.

A, PSD file:

7.

PSD equation In the form: PSD = C(freq)" ,

where C is the lﬁtorcopt at frequency = 1,0 on the log-
log curve., With PSD on the vertical axis, n Is the slope
of the curve -~ a stralght line,

RMS: This is the actual RMS as opposed to the desired NS,
Power: The area under the PSD curve.

Number of Points: Number of points In proflle.

Cut-off frequencies, low and high. .
Points that were used In the square fit by sequence num=
bers. |
List of frequencies and PSD estimates, five points to a

line. Only the points usei in the square fit are listed,:
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8. List of the polnts not used In the square fit,
8. Moad file: Usea as input to VEH,

1. The profile segment spacing in Inches.

2. A line of Identifying information.

3. The profile points in order, ten points per line.

C. Teletype:

1. RMS.

2, PSD equation. (1f short type out is selected, only the
slope of the PSD curve Is printed out; none of the
following are 1isted)

3. RMS, power, and number of points fitted by the above
equation.

4. SO. (Standard deviation of the points from zero)

5. XBARAS: Mean of the profile after shift,

6. File names for output data., (If -=-==,DAT Is typed out,

no file was created.)
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.

SAMPLE EXECUTION:
A, Normal:

g JEXECUTE NOIPSD
i LOADING

17 LOADER 9K CORE
EXECUTION

NG = 7
4] SHORT TYPE OUT? NO

- TAU=4,0,N=1200,RMS=4,0 UNLESS SPECIFIED NOWj
ALPHA = ,0052
s LLAG = 30
FILES? YES
PSD FILE NAMEs PSD4
{J ROAD FILE NAMEs ROADA
AUTO-COVAR. IS COMPUTED
RMS = 4,000000
I PSD 1S FINISHED
FLOV = .0022
~2.000
ped PSD = 0.2067366E-02 FREW

RMS = 4.020000
POWER =  3.673574
JEQN FITS PTS 2 THRU 30
0 SD = 8,6519456
] XEARAS = 0.0000000
FILE FOR PSD PLOT: PSD4 ,DAT
l FILE FOR ROAD PLOTs ROAD4.DAT
L

EXECUTION TIME. 11,73 SEC,.
q TOTAL ELAPSED TIME: ¢ MIN, 3.37 SEC,
{ #O EXSCUTION ERRORS DETECTED

eXIitT
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8. Abbreviated:

+EXECUTE NOIPSD
LOADING

LOADER 9K CORE
EXECUTION

NG = 7

SHORT TYPE OUT? YES
ALPHA = ,0052

SLOPE=-2,000
EXECUTION TIME: 6.40 SEC.

TOTAL ELAPSED TIMEs 24,73 SEC,
NO EXECUTION ERRORS DETZCTED

- EXIT

T




V. PROGRAM LISTING:

f10 HIMENS TGN x(izaa;.ox 12wa £o§;57)
020 NIMENSION RX (250 250),SPx(250)
g3g COMMAN SD
XY WRITE(6,900"
gse 9@  FORMAT(! NG = ',$)
nen ACCEPT 997.NG
270 TAUSA,
782 Mo
a9Q RM .2,
100 WPY "6 Y1)
112 901  FORM~T’: SHORY TYPE OUT2 ', 8§)
{20 ACCE”T 996, OPTYPE
4130 1F¢LOTYPELEQ . 'YES') GO IO 142
140 MRITE(6,9082)
452  9p2 FORE ! z '
162 ¢ ' SPECIFIED NOWI',S)
‘ 472 _ACUFPY 903, TAU,M,RMS
§J 189 903 FORMAT(F, 1.,F)
490 142 1P (TAU.FD,O.)  TAUs4 .2
q .. 200 IFCRMS,EQ4@)) RMS=4,0
210 1F(N.EQ,.D) Nei2¢@
- 220 GO 10 160
Y 7)
240 087  FORMAT('+ALPHA = ',S)
8] 250 ACCEPT 998, ALPHA
260 IF(ALPHAL,EQ,0¥,) GO TO 157
zzﬂ c (XXX X]
| 280 170 FHIGHE1,/(2,8TAY)
290 FLAGES ON/(TAU®62,)
- 3¢9 LLAGEIFIX(FLAG#,5)
{ 32 LAG2| LAG=1
(B 320 1F(OPTYPEEQ,'YES') GO TO 190
38¢ 0 0 VRITE(6,9¢R) LLAG
N 347 9gR FORMAT('+LLAG =',]14,/)
l! 352 182 WRITF(6,5¢9)
360 909  FORMAT('+FILES? ',$)
n 31e ACCEPT 996,0PFI1L
L 38n IFCOPFIL,EN,*'NO') GO TO 199
399 MRITE(6,917)
= 400 910  FORMAT('¢PSD FILE NAMES ',$)
l] 410 ACCEPT 996, FN1
420 1F(FML.NEL" *) CALL OFILEC(21,FN1)
432 VRITE(A,.911)
r 447 911 FORMAT('+ROAD FILE NAMES ',3)
{J 450 ACCEPT 996, FN2
460 IF(FN2.NEo' ') CALL OFILE(22,FN?)
[ 410 6010 227
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480 197 FNis!® °*

492 Fos* ¢

S¢Pr € ssess SIGMAN AND ST, DEV. ARE COMPUTED

S1¢g 2p2  SIGMANRMS®SORT(1,-FXP(=2, eAlPHASTAL))
520 AASEXP(=ALPHA®TAL)

s3¢ SDsSIGMANSSICMAN

540 C #onee NISPLACEMENTS ARE OBTAINED
550 C wesee FROM GAUSSIAN RANDOM NUMBERS

114 SyM=@,

579 NX{(N)eP,

114 NNzN=-1

859 SyMi1=9,

Y1 NO 210 1=21,.,NN

A1Q CALL GAURNU(Y,NG)
620 nX¢l)sv

637 212 SUHsSUMeDX(])

L1 YHAR=SUM/NN

652 PO 220 l=1,NN

660 PACL)sSNX(])=XBAR

679 227 SYM1sSUMLIeNX(])

487 XBARASESUML/NN

697 FACY=1.

700 ys(,

714 X(41)=0.

222 N0 239 1=2,N

7307 237 X(1)sDX(I)eX(l=1)0AA
742 C seves RMS IS COMPUTED AND_ADJUSTIED

75@  essee TO DESIRED LEVEL

2672 24np SUMX?s0,

770 D0 2%2 ls1,N

282 X(1)sFACTeX(1)

79¢ 257 SUMX2BSUMX2eX(T)eXx(])

FJdd ARMS3SORTY (SYUMX2/%)

ale FACTZRMS/ARMS

p20 YsYeq,

832 IF'Y,EN.14) GO TO 240

a4 C seosw AUTO-COVARIANCE COMPUTAT]ON
850 260 MPATMT 2N

a6Q NO_2R2 J=1,LLAG

a7e Sxse,

14 M2l

aoa LXENPOINT oM

[-1] _FNXsFLOAT(NX)

912 DO 270 vsl,iNX

922 K3Me.)

932 277 SXESXeX(J)OX(K)

94p 287 RX(1)8SX/FNX

95¢ RMSaSQRT (XX (1))

060 1F(OPTYPE yNE . 'YES!) WRITE(6,912) RMS
970 912  FORMAT('eAUTO-COVAR, 1S COMPUTED',edX,

'RMS = ',618.77)




1l R-1646
-~ Th
b"
u
L 9987 C eeses POUER SPECTRAL DENSITY COMPUTAT]ON
8999 P1=3,14159265
s 1r¢Q VVepl/LAG
101 Ws2,2TAU/P]
L. 1020 DELF=1/(2° LAGeTAU)
10832 RX(1)= ,5¢RX(1)
f 10490 RX(LLAG)z,5®RX(LLAG)
L) 105 B0 370 IH31,LLAG
1060 SCay,
1070 NO 290 IP31,LLAG
1780 Ua(]u4-1)e(]P~1)eVy
in90 292 SCeSCeRX(IP)eCOS(U)
1102 PX([H)=zWa3l
1140 309 FRFQ(IN)S(IH=-1)®DELF
1120 SPX(1)z,54PX(1)+,46%PX(2)
113¢ SPX(LLAG)Z ,54*PX(LLAG)+,46ePX(LLAG"T)
1142 KKzl LAG=1
11572 1F(SPX(L) LT @) SPX(1)m0,
11692 N0 $18 JE2 KK
1177 SPYX(J)=,548PX(J)+,23®(PXIJeL)¢PX(J=1))
1182 317 1F(5PX(J)oLT.D.) SPX(J)mp,
1192 1F(OPTYPENE,'"YES!') WRITE(6,913)
12e2 043  FORMAT('+PSD S FINISHED'/)
i 1217 C eesse SQUARE-FIT ROUTINME
LA 122¢. FLOs3D,
1248¢ NSz
1240 NF=LLAG
12572 [F(OPTYPENE,'YES') WRITE(6,914)
= 1262 914 FORMAT('+FLOW s *,8)
127¢ 1F(QPYYPE NE,'YES') ACCEPY 998,FLOW
1280 IF(FLOW,EQ.0,) FLOWE,2P22
1292 DO 322 Iz1,L1AG
13207 IF(FREQ(I) LT ,FLNW) NSaNS+1
ixie 320 1F(FPENCEL) ,GY ,FHIGH) NFENF=1
1327 RX(1)320,
1330 PY(1)sALNG1ACSPXL1))
1349 MPaANF=NS
41350 HSENS ]
o 1367 NO 349 1=NS,NF
22 2200008%) GO0 10 33N
1380 RX(])SALOGLD(FREN(!))
U 1362 PX{])ZALOGIR(SPX(]))
1400 ro 1N 34¢
{ 1412 332 PX(l)yst,
1427 RX(1)aP,
14480 ‘IPsNP =1

, 1447 3 rOMTINUE
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145¢ C_epeng
1460 SymMyY=2,
1422 SyUMxed,
1480 SyMXYan,
# ii 14992 SUMX2s0,
: 1500 D0 350 1eNS,NF
- % 151¢ _SyUMYysSUNMY+PX(]1)
F $é 152¢ SUMXsSUMXSRX(])
] 1537 SUMXYsSUMXY*(PX(1)*RX(]1))
’ ~ 1540 SUMX28SUMX2+(RX(])#e2,)
1 1352 _ 352 _CONTINUE
g b 1560 FPESNPOSUMX2=-SUMXaSUMX
E 1870 AMz (MPaSUMXY-SUMYaSUMY)/PE
: ] 1580 Rz (SUMX2*SUMY=SUMX®SUMXY)/0E
P e 1590 Py, 08
| 1620 C senes
| 16172 PSUM=Q, i
ant 1620 N0 362 I=1,LLAG
E | 1432 342 PSiMsPSUMSPX(]1)aDELF
* i 1647 C wasee THE NATA [S NOW NUTPUT T0 FILES
| 1652 C osowse ANN TTY AS DESIRED
5 E 1560 IF(OPTYPE EQ,'YES') WRITE(6,915) AM
{ 1622 915 FORMAT(' SLOPE="',F6,3/)
1487 JFCOPTYPE MEL'YES') WRITE(6,916) AM,B,ARMS,
L 1492 8 PSUMNSMF
1720 916 FORMAT(27X,F6,3,7" PSD =1,
o 1710 ¢ Gg'" FREQ'//," RMS =',G,/' POWER ®',G/,
1729 e ' EQN FITS PTS*y 14, THRU',|4) |
= 123¢ 1FCEML,EQ, Y ') GN TO 4Ry !
1740 WRITE(21,928) AM,BsPSUM,FLOW,FRIGHINS,NF |
1260 922 FORMAT(45X' weess POWER SPECTRAL'
L 1760 ¢ Y DEMSITY EQUATION weanety &
122¢ ¢ 45%,! e',41X,'e?/ -
i 1780 * 45X, o', 81X, F6,3,4X,"'0/ ]
il 1297 ¢ 45X, #',9%X,'PSO = ',G,' FREQ ',8X,'e'/ 3
1¢0 + 45X, #',41X,te'y,
1 R4 * Y ,' 000000000 0000000000000"
1820 ¢ laspcscsstssssencnsnet//,
vé 18392 ¢ ARLY,'POWFR =2 ',FiR.4,/
1842 ¢  SOX,'CUTnFF FREQUENCIESI',/
1857 ¢ BPY,! LOWe= ', Fi0,8,/
v 162 Ld SEX,! H{QH== 1 ,F1¥ R,/
i87¢ ¢ SOX,"EON FITS POINTS',14,' THRU',14,//7)
r 186@ “RITF(21,921)
1R9Q 921 FORMAT(' THE FOLLOWING POINTS WERE JSEM!
1942 e ' In JHE SN FIT3'/)
1912 HSaenNS-1
1920 CWRITE(21,922) ((FREQ(K) SPX(K)) K3nuS,NF)
1930 92?2 FORMAT(5(F18,8,FN,3)7)
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1949 MF aNFel
1950 WRITE(21,924)
1960 924 FORMAY(///' THE FOLLOWING POINTYS WERE®
1970 ¢ ' HNQY FITTED1I'/)
1980 1F (NS,E0,1) GO Tn 410
1990 WRITE(21,922) ((FREQ(K),SPX(K)),Ka1,NS=1)
2000 £O_10 420
2me 417 VRITE(21,925)
2929 925 FORMAT(' NO | OWER FREQUENCIES WERE DELETED'/)
2730 427 IFA(NFLEQ,LLAG) GO TO 460
2049 === 00 WRITE(2),922) ((FREQ(K),SPX(K)) KsMF,LLAG)
2050 GO TO 470
2069 462 WRITF(21,926)
2n7e 926  FORMAT(/' NO H{GHER FREGUENCILS

HERE DELETED'//)
2082 477 = COMTINUE _
2092 C ®osnen
21p@ 48¢ JFCFML.EN, ' ') FluiE8teecweal
2310 IF(FN2,EQ,' ') FN2BV=ceeal
2122 1FCOPYYPENE,'YES') WRITE(6,927) SO,
2137 & XBARAS,FN1,FN2
21490 927 FQRMAT(* SO =',F32.,7,/' YBARAS 3!,
215¢ e F12,7.,/7' FILE FOR PSD PLOTS ',AS, ', DAT?,/
2160 ¢ ' FILE FOR ROAD PLOTS *,AS,', DAT'/)
217¢ 1IF(FNL EQy Y mme== ')y Go To 490
2180 WR11F(21,928) ARMS,SO,XBAR, XBARAS,"G,N
2190 928 FORMATLO7X,'RMS =',F12.,7,/
2200 ¢ S3X,'STANDARD DEV]ATION =',F12,7,/
e21@ ¢ 54X,'X-BAR AFTER GAUSS =2',F12.7,/
12229 ¢ R4X,'X-BAR AFTER SHIFT =',F12,2,/
2230 ¢ 45X, 'STARTING NUMBER FOR RAN(Z) =',14,/
2244 ¢ 55X, 'NUMBER OF PPINTS a',]6)
2259 929 FORMAT(1CF22.8)
2260 492 [F(F'2,ENst====<1) GO TO 9999
2270 WRITE(22,930) TAU,FNZ2,AM,NG,ALPHA, TAL,RNS
2282 938  FORMAT(1XsF/1XsA5,"',DAT-=SLOPEs',F6,3,
2297 * ' NG2Y, [t ALPHAS',F6,5,
2300 ¢ TAUsY,FS,1,' RMSE!',F3,1)
231¢ NO %72 I=12,M,1@
2320 502 WRITF(22,929) (X(K)eK21-9,1)
2330 9999 CALL EXIT
2340 996  FORMAT(AS)
235¢ 967 FORMAT(I)
2367 99R FORMAT(F)
2370 999  FORMAT(/)
2387 END
2390
2400 = = B

Reproduced from
best available copy.
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2419

2420 SYUBRNUTINE GAURND(V,NG)
2430 COMMON g—
2449 VsQ,

2450 J3p .

2460 N0 170 l=21,NG

2479 120  ASRAN(Z)

24882 ng 110 1=1,12

2490 _ASRAN(Z)

2500 110 VeVea

28192 VaVeh,

252¢@ VsVeSD

2532 RETURN
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APPENDIX B(Documentation for VEH)

I. DESCRIPTION: This program, in its original form, was also obtalned

from N, R, Murphy, VES., It Is a non-linear, time-domain wheeled

q
{]
vehicle simulation on a digital computer, a POP 1N, i
I, [INPUTS AND OPERATING INSTRUCTIONS :
k
A. Prior to execution: The vehicle constants must be entered b
in Subroutine DATA (see Appendix C) and the tire load- i
3
deflection curves must be on hand. Q
;

8. During execution:

1. Name of input file (Road file created with NOIPSD),

2. Desired Delta-L; This should be a multiple of the
input profile spacing,

3. Name of vehicle to be simulated,

L, Options. Answer YES or NO.
a. Absorbed Power,
b. Detailed output file?
(1) YES causes program to ask for €ile name, which
should not be more than five characters long.
(2) NO causes program to skip the ab-ve question

and no output file will be created,

¢c. Peak accelerations,
d. Driver motions (only asked If vehicle Is a track)

e. RMS of all accelerations, (This must be answered

YES if PWRPLT is to be used later to plot the
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absorbed power,

f. Tire deflections. The program will type out the loads
on each axle, front to rear. Enter the deflection
caused by each load on a single tire.

5. Vehicle velocity in mlles per hour.
6. Teletype printout time interval in seconds.

7. Time and absorbed power only? Anser YES or NO.

a. YES causes the progran to type out only time, absorbed
power, and average absorbed power for each Interval,
b. NO will cause the normal printout format to be used.

8. Stop? Answer YES or NO. Program will stop on entry of

YES.

11, OUTPUTS: These depend on the options selected. Assuming all
are desired, the outputs will be as follows:
A. To detailed file:
1. List of THRESH and GAM'A,
. Vehicle velocity In MPH and inches per second.
. Delta-L.

. Delta-t.

« RKG step size,

2
3
L
5. Number of steps In RKG integration.
6
7. The input profile idestification,
8

. Time, profile input point, average power, absorbed power,

and vehicle motions at each step.
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B. To teletype: Basically the same information as above Is print-
ed out on the teletype, except that the time, input point, etc.
are printed out only according to the teletype print-out inter-

val specified earlier.

SAMPLE EXECUTION:
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IV, SAMPLE EXECUTION:

A, Normal:

«~XECUTE VCH
FORTRAN: VEH
LOADING

LOADER 9K CORE
ii £XECUTION

FILE NAME OF INPUT PROFILE: ROADX
= DESIKED DELTAL: 1.
NAME OF VEHICLE? MISI

DO YOU WANT THE FOLLOWING OPTIONS?

1m ABSORBED POWER? YES

* A DETAILED OUTPUT FILE? YES
&y FILE NAME: FILEX

| PEAK ACCELERATIONS? NO

. RMS OF ALL ACCFLS? YES

! FROM FORCE-DEFL CURVES FOR
i M-151 JEEP TIRES, ENTER DEFLECTIONS;
LOAD = 581,871 .82
i LOAD = 623.249 865

'3 VCHICLE VELOCITY IN MPHs 10,0
| TTY PRINTOUT TIME INTZRVAL: ,2

TIME & POWER TYPEOUT ONLY? NO

VELOCITY=10,80 PH (176.98 IPS)

DELTA-L=1.019 DELTA=1:-4,00857

NSTZPS= 5 H=.001136

VEHICLE ISs M-151 JEEP

INPUT PROFILE IS

AOADX.DAT--FILE FOR VARIABLE MEASUREMENT INTERVALS
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| A. Normal:(continued)
} DISPL VELOC ACCEL RMSAC
H’i TIME: ¢.008 INPUT= 0.008 ABSORBED POWER: ©.000 0,000 ,
3
| (=G -1.17631  2.0000¢ 2,00000 2.00000 1
- PITCH -0.20086 0,20003 8.00003 0.02000 |
B! AXLEl  -2.82080 ©.00000 2,00000 0.00000 :
| AXLE2  -0.86500 0.32000 0.00208 0.00000
.. STOP? NO §
i
] TIME= 8.205 INPUT= -0.2809 ABSORBED POWER: 0,140 @.0841
l c-G «1.22561 ~3.,25482 <=0.21239 0.155%62 1
PITCH <-0.80026 =-0.13723 -2.62326 2.13225
-~ AXLEl  -1.86928 =-8.41071 1.23916 0.45973
] AXLE2  -0.86337 1.79340 0.24528 0.@89609
sTOP? NO
-
] TIME: 0.403 INPUT= -8.549 ABSORDBED POWER: ©.515 0.21}
] o -1.09423 =1.51579 3.12303 0.230838
| PITCH  ©.00089 -2.05483 2.84386 3,34899
AXLEl  =0.72493 -0.32713 0,13655 0.65754
| AXLE2  -0,.80245 0.23447 -0,.15274 0.12382
STOP? YES
[ EXECUTION TIMES 29.27 SEC.
TOTAL ELAPSED TIME: 3 MIN. 57.38 SEC.

NO EXECUTION ERRORS DETECTED
y EXIT
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8. Abbreviated:

+EXECUTE VEH
LOADING

LOADER 9K CORE
EXECUTION

FILE NAME OF INPUT PROFILEs ROADX
DESIRED DELTAL: 1.5
NaME OF VEHICLE? MISI

DO YOU WANT THE FOLLOWING OPTIONS?

ABSORBED POWER? YES

A DETAILED OUTPUT FILE? NO
PEAK ACCZLERATIONS? NO
RMS OF ALL ACCELS? NO

FROM FORCE~DEFL CURVES FOR

M=-151 JEEP TIRES, ENTER DEFLECTIONS:
LOAD 581.071 .82
LOAD 623.249 « 865

VEHICLE VELUCITY iwnN MPH: 10.0
TTY PRINTOUT TIWE INTERVAL:s !

TIME & POWER TYPEOUT ONWLY? YES

TINE ABSPWR AVEPWR
.00 0,22 0.00
0.10 0.05 0.01
.20 02,19 0.04
.31 .73 0.18
2.40 0.78 0.30

0.586 0.6] 0,38

0.61 2.88 0.43

2.71 de75 3,50

2.80 0.89 0,52

0.99 1.04 0,64

STOP? YES

EXECUTION TIMESs 39.78 SEC.

TOTAL ELAPSED TIVZ: 1 MIN. 57.87 SEC.

© NO EXECUTION ERRORS DETECTED




V. PROGMM LISTING:

le

220
239
4

25¢

C eeves STORAGE ALLOCATIONS

c
c

NOTES THE FOLLOWING COMMON STATEMENTS
MUST APPEAR IN EACH SURROUTINE

CO“MON SPDEF(6)oDSPSF(b)oTHRESH(?ﬂO).SlGMA(9)

!
=
i
i

o6
fare

YMn A a -] AR ¢ M
COWMON ACC!SS(’).ACCGS(9).ACCHAX(9’uACCH!N»O)

06¢
90

SSté)
COHMON Ho ToDELTAT,DELTAL,VELIPS,VELMPH,NSTEPS

100
10

yCAMMA (200)
cownon DISORV, VELORV,ACCDRV, RHSDRV AT |

120

‘ = u“!«'i}f "; k..¢
COMMON NY, 1DF ,NAXLES,NSEGS, IFHORZ, FNAHE

30
140
153

COMHON VEHO!D(?)uPROFIL(266}oPASTP!260)tINEE!

169
479

EIOWT ()
ONHON SLIH[T(4.3)-S¢LOPE(5:3) 5!NT(593)

180
4199

2, 3),DINT(3,3)
NIHMENS 1 ON OR[!ER;Q).{QPT(Q[,yz:;uglg)

200
210

DIHENSION F10¢12),XTNAME(4)
DIMENSION FK(18),pP(18),0(48),PY(9) ,PURFK(9)

227
230

RIMENSION PP(9),0Q(9)
REAL LEN,MASS,INRT]IA

240
230

EQUIVALENCE (]SETUP,NY)
FQUIVALENCE (DRIVER(1),0]SORY)

260
270

EQUIVALENCE (1OPT(1),[FPWR)
NATA XTNAME/ZYM154¢, 1MIS0, 1 9,0 1/

2én
290

NQ=zIN?
1YESm'Y!

300

1FSTOP='N!

312 C soses VARIABLE IJNITIALIZATIQN

%20
330

DO 170 31,9
PWRYAR(1)®0,

340
359

Nat]l)=o,
(])s@,

360
320

UMRMS (] )88,
N(l1)=Q@,

389

ACCMAX (])8D,

390 ACCMINC])®D,

400
410

CONTINUE
ALCDRY=0,

420
430

110

PO 110 [s1,18
VAR(])=0,

440
450

Ts0,
SOVRMS =@,

460
479

ABSPWR=©,
ORVM‘XCD.

480
490

”RVH!N’”.
YINs2,




s |

g

'L

LT T HE, 00y
810 DELTAL=4,
520 JSToPs1
530 NSTOP=Q
540 TPRINT=E,
1550 C _essss NPEN INPUT FILE AND READ PROFILE
I56@ C seens SPACING ANE‘ETﬁIﬁ‘TUENT!F!EATT%N
570 WRITE(6,900) ;
T3 %00 FUF%T+TT FILE NAWE OF INPUY PROFILET "+8)
590 READ(5,996) FN2
600 TF(FNZ,EQ,' ') GO Y0 120
617 CALL IFILE(22,FN2)
620 CALL FILINTETD s JSISPACING, L) Sl
638 C sewes VEHICLE CONSTANTS READ-IN
W 2)
650 "9@2 FORMAT('eNAME OF VEHICLE? !,$)
260 READ(5,996) TNAME
670 DO 130 Is1,4
480 1F (TNAME=XTNAME(1))130,140,130
650 138 CONTINVE
0@ v WRITE(6,983) XTNAME
710 983 FORMAT(' THE AVAILABLE VEWICLES AREj!
220 ¢ 4(2X,A5))
30 60 10 129 %
250 4150 ASSIGN 480 TO I1SUB
14807 ) GO 10 19a
276 160 ASSIGN 410 TO ISUuB
80 GO 10 190
798  417¢ ASSIGN 420 TO ISUB
LT, 60 10 199
81?2 180 ASSIGN 430 To ISUB
N

838 C eesws SELECTION OF OPTIONS
240 WRITF(6,924)
850 904 FORMAT(' DO vou WANT THE FOLLOWING') -
FYY & ' OPTIONS?2! )
876 READ(5,995) erwa QREED POUERD .8
280 WR1TE(6,903)
890 9% FORMAT('+A DETAILED OUTPUT FILE? *$)
8g0 - REAQ(5,995) [FFILE
910 IFCIFFILE,EQ.'N') GO TO 210

)
030 98¢ FORM/T(*e FILE NAME: ,S$)
040 ACCEPT 996, FNi
950 CALL nFlLE;21.FN1)

}
970 907 - FORMAT('+PEAK ACCELERATIONS? ',$)
YY) READ(5,995) 1FPACC

IFCL.LT.3) GO TO 215
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86
ippp VRITE(6,908) . :
1910, 908  FORMAT('+DRIVER MOTJONS? !',$) {
1029 READ(5,995) IFDRY ;
1080 60 TO 216
1p40  21% 1FDRVE'N!
1058 246 = WRITE(6,909) e ]
1060 9R9  FORMAT('+RMS OF ALL ACCELS? 1,§) ]
1070 READ(5,995) IFRMS | ]
1780 CALL DATACY) *
1M9A8 C eesas INITIALIZE PROFILE ARRAYS o
Lm M 1=1.NY
1410 PASTP(1)s0,
1420 Y(1)=0,
1130 220 PROFIL(I)=0, ; :
11440 e NYTEMP(1)30, :
1150 NYTEMP(2) S (LEN(L)+LEN(2)=LEN(3))/DELTAL
14162 NYTEMP(3)Z(LFNC(IISLEN(2)+LENC4))/DELTAL
1170 ’
1162 € wsesee VEHICLE RUN VARIABLE INPUT
1190 WRITE(6,911)
12¢0 911, fORMAlLé' VEHICLE VELOCITY IN MPM} ',$)
1210 READ(5,998) VELMPH
4220 WRITE(6,912) _
1239 912 FORMAT('¢TTY PRINTOUT TIME INTERVALS ',8) .
49 READ(5,998) TP

?ﬁ?ﬁ : WRITE(6+913)

9 FORMAT(' TIME & POWER TYPEO ? 1,8)
1270 READ(5,995) OPTYPE
1287 C wevwe TIME STEP AND RKG TIME SET=-UP
1290 VELIPS=VELMPH®17,6
4300 . DELTAT=DELTAL/VEL]PS
1310 NSTEPSsDELTAT/H
41320 TEMPsNSTEPS
1330 HeDELTAT/TENP

spane O ] ALINS
1350 230 NO 240 l=1,10F 3
41360 247 ACCGS(1)=ACCISS(]) /386,
1370 ACCGS(2)=ACCISS(2)
1380 C osspe ABS(R POW CALCULATION
1390 ABSPWR=0,
1409 : JF(T.NE,@y) ABSPWR=z-100, #»PWRVAR(4) /T
1410 CALL AVERAGE(ABSPWR,AVEPWR)
1420 1F (JFORV,EQ, 'N") GO 10 267
1430 DISDRVaVAR(1)+DRVLEN®VAR(2)
1440 VELDRYsVAR(]DF*1) +DRVLEN®YVAR(IDF+2)

1452 C sesos RMG CALCULATION
1460 260 JF (IFRMS ,E0, 'N*) GO TO 280
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| —— S v R == R cnen B mnece B seuset B oces B ot SR s S e

no 272 Is1,10F ;

147¢
1480 SUMRMS (1) SSUMRMS (1) ¢ACCGS(])ee2
1490 RNS(1)=0,
o @,) RMS(1)SSORT(SUMRM oDEL TATY
1517 287 IFCIFORY,EQ,'NY) GO Tn 30n
1520 SDVRMS=SDYRMSeACCDRY®e2
1530 RMSDRV=g,
1540 1F(T.NE,0y) RMSORY=SORT (SOVRMS*DELTAT/T)
1857 C eweees PEAK ACCELERATION CALCULATION ;
1560  3@2 IF(JFPACC,EQ,'N*) GO 10 327 3
1570 N0 310 1=21,]0F |
SR80 ACCHMAXC1)BAMAXLCACCMAX(]),A (1)) 3
1859 319 ACCMIN(T)SAMINL(ACCMINCT) JACEGS (1))
16020 320 IF(IFORV,EQ,'N') CO TO 340
1610 DRVMAX=AMAX1 (DRVMAX , ACCDRY)
1628 DRVMINSAMINL (DRVMIN, ACCDRV)
1637 C easee PROFILE
1648 349 CALL FILINCFID,JSTOP,SPACING,2)
1657 C ewces PROGRAM OUTPUT ‘

660 350 IF(IFFILE,EQ.'Y') CALL FILWRT(FIN,NPL,
1679 * FN?,AVEPWR) ch 2k

1687 IF(Y.LT,TPRINT) GO T0 368
1690 CALL #ﬁTﬁTTFID:T?sTEFTEFTTFt.AVEFuRa
1708 TPRINT=TPRINT*TIP

1710 TF(IFSTOP,EQ. 'Y ") GO 10 517
4720 C seess MAIN PROGRAM

1730  36m CALL SHIFT
1748 C weses SHIFT ADVANGES THE Y PROFILE ARRAY
1750 1F(JSTOP,EQ.2) GO TO 500

760 PROFILCL)BY]N
ii?ﬁ TNDEXs=NSTEPS
1789 LUF=2#10F

1792 370 00 380 J=i,]DF

1800 KzJe 1 OF

2 PY(J)BVAR(K)

11820 N0 390 Isi,NY
) 390 Y(1)sPASTP (1) ¢ ((INDEX+NSTERPSe1)®
1840 e (PROFIL(I)=PASTP(1)))/NSTEPS
1850 N 44p 1a41,4

1860 ) 6O TO 1SUB,(400,410,420,430)
AR70 402 CALL WHEELS(FK NYTEMP)

1880 GO TO 440

£ MP)

19000 GO TN 440

1010 42 CALL M&@(FK)

1020 GO YO 440
1932 432 CALL M113(FK)

1040 447 CALL RUNGE(P,Q4VAR,FK,LDF,1)
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195¢ NO 4590 [=1,]10F :
1960 Ks]elDF '

4%9 A 8 oP
'10%0 L Acconv-cACélég(1)06*6L£~oacc158t5)57533.'“
1998 JF(IFPWR,EQ, *N') — G0 10 400 ;
anpe DO 478 Is1,4

; e WER(PWRF
gﬁzs'_ﬂ"—_é (] AALL-*'QW&U *FF.!!'G%LF. WRVART RFK, 9, 1)
2030 489 INDEXS INDEXeq :
2840 TFCINDEX.NE,8) GO YO 370
205¢ TsTeDELTAT
2060 GO 70 23@

2020 C eeses FINAL OUTPUT
2n82 S@0 CALL PRINT(FID,IFSTOP,0PTYPE)

] FPACC 2 1Y) KAC
R400° ' 995  FORMAT(AL) Ayl
2310 998 FORMAT(AS)

24120 697  FORMAT(I)

2430 998  FORMAT(F)

2440 999 - FORMAT(/)

2452 9999  CALL-E¥IT . . g
2460 END
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g8ip
820 C epsan

SUBRNUTINE FILINCFID,JS»SPACING,N)
THIS SUBROUTINE READS A NEW INPUTY

040 C
250 DIMENSION FIN(12)
860 DIMENSION FYIN(10)
220 0 | o/
080 IF(N.LT/2) GO TO 130
290 109 JYE1YeMM
100 _117 1FelY,67,12) GO 7O 122
440 YINsEYIMCLY)
120 RETURN
] = %
140 988 FORMAT(1PF)
450 1FLEQFC) GO 10 9999
160 1Ys|yY=1€ -
4124 ‘ GO 10 140
180 137 WRITE(6,901)
490  op1  FORMAT('¢ DESIRED DELTALSY ':€)
200 READ(5,998) DELTAL
214 RE
220 ¢ (FYIN(J))JE1,10)
RMAT F
240 MMLDELTAL/SPACING
284 1Y=(
260 RETURN
270 9999 JSe2
i280 RETURN
208 998  FORMAI(F)
300 END
018 SUBROUTINE RUNGE(P+QsXsFK)M)N)
20 C eebes THIS SUBROUTINE IS THE RKG ALGOR!THM, I
230 DIMENSION P(1),Q¢1),X(1),FK(4),A(4),R(4
P40 DATA A/.5).29289321991,70740678,,166666667/
2%0 DATA B/2,98+04:22.7
ps0 DATA C/15).292893219:,1.70740678,,3/
229 TASA(N)
'TT) TB23(N)
294 IC=C(N)
100 00 102 Isi,M
410 P(1)sTAS(FK(I)~TR®Q(]1))
120 X(1)sX(l)eP(])
138 480 0(1)=0¢1)¢S,oP(1)~-TC*FK(L)
140 RETURN
130 END
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= Py
o
-
2

SUBROUTINE DATA(N)
@20 C esesse THIS SUBROUTINE CONTAINS THE VEHICLE
P30 C esses PARAMETERS: IT ALSO CALLS GAMSUB

PIMENSION ISETUP(5).0SIGMA(Y,4)

b

P
=
n
[~

252 _DIMEMSION OVEHCL(2,4),0THRSH(9,4),0GAMMALY, 4}
T DIMENSTON DOMASS(6,4),0VAR(9,4) ,DLEN(10,4)
1 p78 DIMENSION DFMASS(4),DINRTAC4) ,DDRVINC4)
l. 280 DIMENSION DSL1IM(4,3,2),0SSL0(5,3,2)
290 _DIMENSION DSINT(5,3,2)
D, 1990 DIMENSION DDLIM(2,3,2),005L0(3,3,2)
ll 110 NIMENSION DDINT(3,3,2)
g2 DIMENSTION DR(2)
. 138 INTEGER DSEYLP(5,4)
]] 140 REAL LEN)MASS, INRTIA
: PLT. EQUIVALENCE (JSFTUP(1),NY)
169 DATA DVEHCL/1BHM-151 JEEP,12HM=-35 TRUCK,
03 420 1 _10WM-608 TANK,12HM-113 TANK/
i lj 122 C vecee gscrup's ARE NY,1DF ¢NAXLES ,NSEGS, IFHORZ
i 4 Al‘ ns:lue‘. .5.2.&.2!.2.5.3.Q.ﬂ.
1 200 & 52,9,6,5,1136,8,5,5,1/
\j 010 DATA DTHRSH/O#f,.9#0,,
3 220 1 3.5,10026134,3,:5,4%0,,
232 1 3 2‘L9Jz 11_9_A3 2.4’ﬁ1/
,‘ 240 DATA DGAMMA/9#0,,9%2,,
t 4 3885,.,4715.,%5200,,4715,,3885,,4#0,,
260 1 15?0002””00!35000'2”“0.0150ﬂ.!4.ﬂ0/
, 274 DATA DSIGMA/ZQeD,,0#2,,
!J ‘235 1 31‘50"670 0“00'167200'3145..4.z.'
200 1 155“.‘7ﬂﬂnnﬂ. .‘zza.. |5ﬂa‘l$!ﬂ /
ﬂ 300 DATA DLEN/44,3,47,7,800,,113,,35,,24,,24,,690.,
] Slﬂ 1 77..44.n11.1-°2.‘-551n-88.l401..
= 32@ b 52..24.oﬂoo'?B.v-65.-500./
. 30 DATA DMASS/.27,.27.4%¢,,
§ 340 1 1.,191,2,08,2.05,340,,600,,680,/
(J 350 NATA DFMASS/2,.58,18.8,2,,8./7
360 DATA DINRTA/3282,,90876,,0.,2,/
370 DATA ODRVIN/O, 00.,25,,25./
[ 380 DATA DV‘R/9.9009.000
3% 1 -5.79.-.““89.’;966.’.97.
400 .1 =.942,-~ o913o-o984o o55600-'
410 4 =3.75,-.C - .
420 DATA D°LIM/120999.o-4.4o-3 es 3. 65.4 4,
430 1 =5.2,-%,4,5.1:5,2,-5,7,-5,1,5,1,%.7%/
440 DATA DSSLO/15#1570.,
450 1 11721,43,3333,33,1145,2,3333,33,44771,43,

460 1 46090,,9333,33,2509.8,93533.33,46707,,

B =3 ¢ £
- |
= \n
.u
S S
F N




i

DATA DSXNTIISOU'o A p

243!“0.:34890.00 Io'3480|.o-243600'0
243872 480 -3

T

) 1

DAT‘ DDL!"""” * 02.' °0

DATA DDSLO/9042.o

1. 2

1

DAYA DDINT/900.0
=80

DATA DR/15.|19 /
DO 412

—

100

g 1=1,2
VEHQID(T)SDVEHCL (1o N)
DO 110 13,5

11

ISETUP(1)SDSETUP(I,N)
00 120 Isi,IDF
LENCI)=DLENCI,N)

120

VAR(1)sDVAR(I,N)
DO 430 I=31,NAXLES

130

MASS(])sDMASS(I,N)
FMASSSDFMASS(N)

INRTIA=DINRTA(N)
DRVLENSDDRVLN(N)

IF(N,LE,2) GO TO 150
N0 144 [=

THRESH(I)SDTHRSH(I,N)
SIGMAC]I)sDSIGMACL,N)

140

GAMMA(])sDGAMMA(I,N)
REYURN

152

DO 2720 1s1,NAXLES
N0 160 .J=1,4

160

SL!H!T(J:I)IDSLl"(Jol.N)

SSLOPE(Jol)'DSSLOCJol N)
p1oN)

00 18ﬂ-J'1 2
DLIMIT(J,1)sDDLIM(J,1,N)

00 319¢ Js1,3
DSLOPEC), 1)sDDSLOC),1,N)

DINT(J,1)2DDINT(J, 1WN)
CONTINUE

R=DR(N)
CALI_GAMSUB(N,R)

DO 210 Is1,NAXLES
VAR(1+2)8-YY(1)

WEIGHT(I)SWEIGHT(])~-MASS(]1)e386,
1F (NA

IFC1.LT.2) GO 7O 210
WETGHT (1) 82, #WEIGHT (1)

SPOEF(1)s~WEIGHT(1)/SSLOPE(3, 1)




-

=

N1

v

NS v el
==

[ . = d ’ - T = = g

N(2)

8990 ‘ ?1-VAR(3)08PDEF(1>

bV T 1 — 12sVaR(4)*SPOEF(2)

.1!1!#““*{,“ v lFiN LT.?) 60 T0 220

1030 72'(72’LEN(4)*73.LEN(3))/(LEN(s)OLENCQ”
1040 22¢ +T20

IPSW VAR(?)ICY -Ti)/HB

1060 - WRITE(6,0800) .Lvmgn.x-;,mn :

197¢ ] 1 FORMAT(5F10,5)
1000 RETURN

1099 - END
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pie SUBROUTINE GAMSUB(N,R)
p2e OIMZNSION VEHWT(2),RF(2),WDF(2),WDR(2,2)
a3¢ DIMENSION D(2/30),DPRIME(@A/30), THR(G/3D)
240 DIMENSION DELTA(R/90)
i R
in62 N0 170 1=0,30,1
yd] D(1)=]1eDELTAL
o8¢ igan 1F¢¢D(1)/R).GT,8,788) GO T0 11p
poa 112 NSEGSsl#2-1
i19e NYs (LENCLISLEN(2)+LEN(4))/DELTAL*NSEGS
110 KK=1-1
1420 KZERN=]
43¢ 0=l FN(LI)+LENCD)
140 WETGHT(1)S(FMASSe(LEN(2)/7Q)+MASS(1))e3A6,
W Y s M » X -
160 & *MASS(2))e386
124 1F¢N ;
180 WEIGHT(2)SWEIGHT(2)/2,
190 WEIGHT (3)S(((FMASS®CLEN(1)/Q))/Z(NAXLES=1))
200 & +MASS(3))#386,/2,
000 1D
220 92 FORMAT(' FROM FQRCE=-DEFL CURVES FOR '/1X,
230 ¢ 2A%,' TIRES, ENTZR DEFLECTIONSE '/)
249 DO 135 1=31,NAXLES
W 90 T¢1)
260 901 FORMAT('+ LOAD s ',F8,3,oX %)
270 135 READ(5,922) YY(])
1280 902 FORMAT(F)
200 SUMK =0,
1360 SuMe=0,
310 SyM7:=@,
1320 NO 1392 1=0,KK,1
330 NPRIME(I)ZSQRT (R#e2,-D(])e®2 )
340 COSTHETA=DPRIME(1)/R
350 IHPR{1)=R-DPRIME(])
360 DELTA(')sYY(1)~THR(])
] F(DF JAt])=0.?
380 SUMS=SUMS*DELTA(T)*COSTHETA
392 JI]eKKed
420 DELTA(J)2YY(2)=THR(])
F(DELTA(J). 0,0) DELTA(J)=3,0
420 SUME=SUMGSOELTA(J)*COSTHETA
A30Q 2 JrKKe1
440 DELTA(JJI)BYY(J)=THR(I)
450 JIF(OELTACJI) LT, .0, P) DELTA(JJ)=E,0
460 SUM73SUM7+DELTA(JJ)@COSTHETA
478 137 CONTINUE
480 CS%8%%

93
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490 SUMSaSUMSe2,-DELTA(B)
11 SUM63SUM6e2,-DELTA(KK+Y)
510 SUM2zSUMT7e2, - (2OKKe?2)
520 SPKFsWEIGHT (1) /SUMS
530 SPKR1sWEIGHY (2)/SUMé
548 SPKR23D,0
850 IF(N.EQ.1) GO TO 136
568 SPKR1z2#SPKRY
870 SPKR2820UWEIGKT (3)/SUM?
B58¢ C$88sS
590 136 D0 140 l=2KK,0,-1
600. THRESH{(KZERO=-1)8THR(])
618 142 THRESH(KZERQ+])STHR(I) -
620 NO 150 131,NSEGS
630 THRESHCI*NSEGS)STHRESK(I)
440 J=1+2eNSEGS
650 150 THRESH(J)BTHRESH(I)
A60 CS9SES
670 DO 160 I1=KK,Q,=1
ARD JsKZERO-1
690 JJBKZERO«]
200 COSTHETASDPRIME(II/R
710 GAMMA(J)sSPKF®#COSTHETA
22@ GAMMACIJISGAMMACY)
730 J1sJ+NSEGS
240 JJii1zlieNSEGS
759 GAMMA(JL1)3SPKR1#COSTHETA
260 GAMMA( 1J1)=GAMMACIL)
770 J2xJ1+eNSEGS
280 Jud28.0 )1 +NSEGS
790 GAMMA(J2)3SPKR2#COSTHETA
209 16a GAMMA( JJ2)SGAMMA(J2)
810 CsssSS
A2 WRITF(21,938) ((1.0¢1%),1=0,KK)
A3 930 FORMAT(S®(' D('y12,') = 'F8,2/)/)
A4 WRITE(21,931)
850 934 FORMUAT(/Z/Y ] THRESH(I )
P s GAMMA (1) ' 76X, "ERONT L)
870 0O 240 1%1,2aNSEGCS
ARQ - WRITF(24,932) 1, TWHRESH(1),GAMMACY)
8%0 - . 932 FORMAT(31X,12,1X,2F15,3)
S0 24 2 1F(1.FO.NSFGS) WRITE(21,933)
010 933 FORMAT(/6X, 'REAR")
920 _1F(N.EQ.1) GO TID 9999
93@ WRITF(21,934)
940 934 FORMAT(/BX'REAR2:?)
L 1] ‘D0 260 132eNSEGS#+1,3#NSEGS,1

869 262  VWRITF(21,932) I,THRESH(I),GAMMA(])

978 9999 RETURN
9ad . END
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018 SUBROgYINE PEAKAC(NPL )
§20 C seeee THIS SUBROUTINE WRITES THE PEAK
[ )
TS ~ HRITEC6,901)
: [] ]
8660 o THAXIMUM MINUMUM?)
220 WR1Y ¢ s
888 902 FORMAT(' C=G '2F9,4,/' PITCH ',2F9,4)
290 s
100 Jsle2
110 wR 1903 MAX MINCJ)
120 983 FORMAT(' AXLE'¢11,1X02F9,4) $i.
i30 1f (IFMORZ R1T AXCIOF ),
140 . ACCHIN({DF) .
4)

160 "f‘%%%x#%%vigg{'v'T uixféia.ousa DRVMAX, DRVMIN

2 ' ',2F9,.4)
180 IFCIFFILELEQ.'N') RETURN

WR1YEC24,901) 4
208 WRITEC21,902) (ACCMAX(T)oACCMIN(I)o181,2)
210 : DQ 42@ Jei,NAXLES
220 Jale2
230 4132¢ WRITE(21,903) 1,ACCMAX(J) ACCMINEY)
240 IFCIFHORZ EQ,1) WRITE(21,904) ACCMAX(IDF),
23¢9 o ACCMINCIDF)
260 {F(IFDRV,EQ,'Y') WRITE(21,90%) ORVMAX,DRVMIN
278 RETURN
200 END
f10 SURROUT INE AVERAGE(X,Y)
820 C sseee THIS SUBRGUSTHE  CENPUTES THE

(]

840 DATA N/0/
250 DATA SUM/R./
060 NsNe1q
a7¢ SUMsSUMeX
i J.1) ] YsSUM/N
.1 1] RETURN
T END
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i (I ) SUBROUTINE PRINT(FID,IFSTOP,0PTYPE,AP)
! G%O C esoes THIS SUPROUTINE HANDLES THE YTY PRINTOUT |
238 NIMENSION FIN(42), HEADCS),VINLY) |
840 DIMENSION VOUT(4) ,
l} LY DNIMENSION DRIVER(4) 3
868 EQUIVALENCE (DRIVER(1),DISDRV)
: 228 PAYA VIOZ4SHARSORAED POMUERS/
‘il 1) DATA HEAD/'DISPL', 'VELOC','ACCEL", |
) f198 & 'RMSACY, ' '/ A
100 DATA [FJRST/0/ )
116 1F(OPTYPE,EQ,*>~') GO YO 178 4
ii 120 IFCIFIRST,EQ.1) GO YO 110 ;
1 434 Kzd :
149 IFCIFRMS,EQ, 'N") Ke3 :
r 158 WRITE(6,9 )
i 160 ¢ NSTEPS,H ]
120 epy  FORMAT(///' VELOCITYs'FS,2,' MM (' i
f 189 e F6,2,' IPS)'/, ' DELTA=LS',F5,3,3Xy
| 4190 s DFLTA=Ts'.F6,47' NSTEPSa',14.4X,
200 o 'HE1,F7,6)
240 _WRITF(6,902) VEHQIN,FID
.[; 220 992 FORMAT(' VEHIGLE ISt! '2A3/' INPUY PROFILE 1S
! '/1X,12A5)
230
1 P40 903 FORMAT(//7X,4(5X,A%))
18 2508 1F1RSTs1
t 260 110 IFCJFPWR,EQ, 'N") GO 10 120
10 228 YRITE(A,9R4) T,PROFIL(1),V1N,ARSPYR
ﬂ{; 260 904 FORMAT(/' TIME='F6.3,
: 298 e ' INPUTu'P?, X, 3%,345,F7,3)
- 300 60 10 130
I“ 318 129  WRITF(4A,3084) T.PROFIL(1)
- s20 3¢ CALL VARFIX(¢1,VOUT)
"y . ’
{, 348 905  FORMAT(/® C=G  !',4F19,5)
L) LT CALL VARFIX(2,VOlUT)
; S60 WRITE(6,986) (VOUT(I),181,K)
‘ 328 . %0A PORMAY(' PITCH ', 4Fi0,.8)
[i s8e 00 1408 Ls1,NAXLES
398 NE24L
100 — CALL VARFIX(N,VOUT)

418 140 HRITE(A,907) L,(VOUT(L),1ad,K)
420 987  FORMAT(' AXLE':14,1X/4F10,5)
438 IFC(IFHORZ,EQ.Q) GO 70 130

440 NsNey

AS0 CALL VARFIX(N,YOUT)
44Q WRITE(S,988),(VOUT(]),]1s81,K)

U
[
_[] 470 9088 FORMAT(' WORI3 ',4FiP,5)
i
{
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400 150 IFCIFDRV,EQ, 'N") 60 T0 160

o8 ; . :
s90 909 FORMAT(' DRIVER',¢F10,9)
310 160 =~ WRIYF(6,910)

520 948  FORMAT(' STOP? ',8)
230 ACCEPT 996, IFSTOP

540 996 PORMAT(AL)
332 KKeg@
860 RETURN
: 29449
880 944 FORMAT(//' TIME ABSPWR AVEPWR')
500 IFIRST=d

(11 WRITE(6,942) Yo:lS;l;RoAVEPRR

2.
:§: ' KKEKK®1
IF(KK,GE.18) GO

840 END TO 160

'i’ SURROUTINE VARFIX(1,VOUT)

820 C »eeee THIS SUBROUTINE IS CALLED BY PRINTR
040 DIMENSION VOUT(4)

282 VOUY¢1)sVARCE)

(1) N2l lDF

aza YOUT(2)sYARCN)

260 VOUT(3)=ACCGS(I)

f92 VOUT(4)sRMS{1)

{00 RETURN

{10 END
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§2€6 C eeses THIS SUBROUTINE CALCULATES ABSORBED POWER,
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SUBROUTINE POWER(FK

10N FK(9)
pag U29+67,743%ACCORV-1, l420PHRVAR(B) T
g25¢ U;--“g 3,246PHRVAR(E)
P60 UPs=U3+¢1,318%PWRVAR(4)
aza PKtii1H_L;lﬂﬁZszlB!eBLZJ_LIBMAR¢3’)
pae FK(2)sHo (=4 ,99484eACCDRY) :
f9p FK(3)BHe(~100,eUp=59. »PWRVAR(S))
120 FKC4)SHO (=10 ,0U1471,060PNRVAR(S)
{10 «53 . 49sPWRVAR(4))
120 FK(S5)sHe(=100,0UL~47,780U0)
4 Xp FK(6)SHO(~10,0012~-78,%0«4PWRVAR(Z)
149 «55,28ePWRVAR(6))
4150 FK(Z)sHe(~-103 oU2-6,259eU1)
160 "FK(8)sH® (=677 ,430ACCORV~388, aoPuRVAR¢9)
178 =46, 6709ﬂ77AR(B)) :
180 FK(9)ZH® (<67 ,7430ACCORV=2,7420)2)
190 RETURN
200 | END
4194 SUBROUTINE SHIFT

200  C wwens THIS SUBROUTINE ADVANCES TWE PROFILE
' CLE :

220 D0 102 1aNY,2,-1 -
_ PASTP(1=-1)%PRAFIL (]=1)
100 PROFIL(1)=PROFIL (I=1)
'Y RETURN
260 END e
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l 010 SUBROYTINE FILWRT(FID,NPL,FN2,AP)
P20 C eesse THIS SUBROUTINE HANDLES THE OUTPUT
i 230 C nesoe 10 AN EXTERNAL FILE
: l g4n ‘OIMENSTION READ1(6),HEAD2(2)
: 252 DIMENSION VOUT(42).F1D¢42)
: 060 OAYA IFIRST/0/ ]
| P37 DATA HEADLZ'AXLEL ', 'AXLE2', 'AXLES', *AXLEA", :
l 080 e 'AXLES', 'AXLES'/ )
| 290 DATA HEAD2/'H,C~G', 'V, DRY'/ - |
- {00 IF(IFIRST (NE.@) GO 7O 130 i
| ﬁ 110 NRITE(ZJ. 902) VELMPH,VELIPS,OELTALL,DELTAT,
| 120 ¢ NSTEPS,H
' 4130 902 FORMAY(/,' VELOCITY = ¢,F6,2,
E {40 e ' MPH ('F6.,2,' IPS) '.7x.'DELTA-L-'
] ! -
{60 e ' SECONDS',//' RUNGE- KUTTA-G!LL INTEGRATIONS
179 ¢« NUMBER OF STEPSs*,]4,10X,'STEP SI2E (H)s',
} {80 ¢ E12,8//)
200 983 FORMAT(//' VEHICLE 1S: ',2A5,//
‘ } 210 o ' PROFILE ISt ',424A5)
! 220 IFIRST=1
230 KK=2
- 240 LFCIFDRV,NE, 'N") GO TO 120
J 25p ' HEAD2(2)@,
26¢ KKBKK=1
278 428 1F ¢ JFHORZ «NE . 0,) GO IO 169
3 280 WEAD2(1)sHEAD2(2)
298 KKSKK=1
300 GO TO 16¢
[} 340 430 1F(NPL.LT,58) GO TO 170
‘320 140 IF(NPL.GE,54) GO TO 150
238 WRITE(21,904)
: 340 904  FORMAT(LH )
u 350 NPLsMNPL ¢
$60 GO T0 140
S70 4150 NPLEp
[] s60 160 WRITE(21,905) (HEAD1(1),1%1,NAXLES),
390 s (HEAD2(]),131,KK)
420 905 FORMAT(LHL,' TIME Y(1)',14X,
410 "~ e 'W,CaG  PITCH',4X,8(A5,4X))
l! 420 WRITE(21,904)
43¢ NPLsNP| 2
443 170 DO 180 1=1,I0F

450 480 VOUT(])sVAR(])
460 Js10F
478 1F¢IFORV,EQ. 'N") GO _TO 197

490 VOUT(,)=0]SDRV

[
u 480 Ja el
i




-

100
508190 WRITE(21,986) T,PROFIL(L), (VOUTCT)al08sd) — J
310 996 FORMAT(/AX,F7,4:F6.2," DISPL ';10F9,4) ;
520 00 200 Isi,10F ;
538 Ksle]DF 4
540 d Is VOUT(1)sVAR(K)

! "‘1'9“1'295'"') GO 10 210 !
3%5; ' VOUT(J)sVELORY :
820 243 WRITE(24,907) AP, (VOUT(1),!s4s,)

58¢ 907 FORMAT(' AVEPWRE',F6.2,' chocltv'.xirfio) ]

1%! D B F ]
600 227 ngf%%T*Tééég?l) .
810 1F (1FDRV,EQ, 'N*) GO Y0 230 1
03! VOUT(J)SACCDRY - 1
8 230 IF(IFPWR,NE,'N?) GO TO 240
WR1TE(21,908) (VOUT(1y, 11,4}
650 908 FORMAT(18X,'ACCELERATION',2X,10F0,4)
868 60 10 25@ 1
670 249 WRITE(21,909) ABSPWR, (VOUT(I),181,J)
(] (] [] [}
690 2589 NPLSNPL*4
200 1E ¢ IFRMS,EQ. 'N') RETURN
740 00 260 I[=1,]0F
228 260  VOUY(1)SRMS(1)
230 IFCIFDRV,EQ,'N') GO0 TO0 270
248 VOUT (J)sRMSDRY
75¢ 27@ WRITE(21, 919) <v007c1).x;1 ' J)
R 4y
770 NPLSNPL +1
288 RETURN
790 996 FORMAT(AS)
aas END
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a0
020

SURRNUYTINE WHEELS(FKsNYTEMP)
C ewse . THIS SUBROUTINE 1S THE GENERALIZFD

830 € eeves WHFELED VEHICLE MONDEL

o4 DIMENSION TEMP(3),FK(18),NYTEMP(I)
250 REAL LEN,MASS, INRTIA
Ned DATA IFIRST/0/
fa2a C soswes RESULTING AXLE FORCES
p8o 99 DO 119 l=1,NAXLES
90 FORCW(])=d,
100 DO 1M@ J=1,NSEGS
11 Ju2 JENYTEMP(T)
420 JJJzJ+ (1-1)#NSEGS
130 TEMPA=Y(JJ)=VAR(2+]1)=THRESH (JJ.1)
140 1F(TEMPO,LT.C.) TEMPO=(,0
FORCW = +GAM » p
160 112 CONTINUE
1749 C opase
18¢@ UUSLEN(3)Y*YLENC(4)
490 IF(UU,LE.®.) GO YO 129
200 Uz(VAR(4)=VAR(S5))/7UU
210 RETA=ATANCY)
220 DBETAS(VAR(4+[DF)=VAR(5+IDF))/(UlUell,+UsU))
230 TEMP2sSIM(BETA)
249 TEMP4=COS(BETA)
2% MP1=sSIMIVAR(2))
260 TEMP3I=COL (VAR(2))
snsees S S1ON RING F PRE
280 SPOEF(1)=VAR(3)-VAR(1)=LENC(1)eTEMPY
290 SPOEF (2)=YAR(4)-VARC1)+L ENC2)*TEMPY
300 8 <~LEN(J)®TEMP?
1310 1FANAXLES,LT.3) 6O TO 1392
1320 SPOEF(3)3VAR(S5)-VAR(1)+LEN(2)eTEMPY
[ * e TEMP2
340 C senas SUSPENSICN SPRING RATE OF DEFLECTION (DSPDF
nse 2VA + )-VAR(1+10DF)
368 ° & <«LEN(1)®VAR(2+IDF)®TEMPI
320 DSPOF (2)=VAR(4+]INFI=-VAR(1+1DF)
380 & +LEN(2)8VAR(2+10DF)*TEMPI=-LEN(3)*DBETA®TEMPY
‘A : T.3) T 4
400 DSPDF(3)=VAR(5+IDF)=VAR(1+!DF)
410 & +LEN(2)®VAR(2+JDF)STEMPI+LEN(4)#NBETASTEMP4
420 C weeos SYUSPENSION SPRING FORCES
430 140 NO 160 I=3,NAXLES
440 K=5
450 N0 158 M=z1,4 ~ _
460 IF(SPDEFCI) LT SLIMIT(M,])) GO TO 155
47¢ -1 CONTINUE
480 GO TO 167
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- | KaM
Sg0 160 FORCK(T)®SSLOPE (K, 1) ®SPDEF (1) ¢SINT(K, 1)
848 C eeese SUSPENSION DAMPING FORCES
520 D0 1680 !=1,NAXLES
330 Ks§_
340 DO 470 Ms1,?
11 1F(OSPOFC¢I) LT, DLIMITC(M, 1)) GO Y0 175
560 L/M CONTINUE
52¢ GO Y0 i8¢
580 4178 KaN
590 1680 DAMP(])SOSLOPE(K, [)*DSPOF(])eDINT(K,1)
608 C osees DIFFERENTIAL EOUATIONS
$10 C sssee FK(1) AND FK(1+]OF)=-=-=CG MOTION
620 C osose FA(2) AND FK(2¢1DF)===PITCH MOTION
630 C ssoce FK(3) AND FK(3¢JDF)~-==AXLEYL MOTION
440 C sonoe 2 N s 2 2 A
65¢ C esvae FK(N) AND FK(Ne]JOF)=-==AXLEN MOTION
FYy. no 194 le1,I0F
a7e 192 FK(])sHOVAR(1+10F)
ARG SIEMP=D,
690 DO 270 1s1,NAXLES
220 TEMP(1)sFORCK (1) +DAMP (1)
710 STEMPaSTEMPTEMP(1)

24 [ 3. ) -

7302 & ~MASS(1)#386,)/MASS(])
342 FK(4elnFimia( -
750 FK(2+JDF)sHO(LEN(L)®TEMP (L)
260 8 =LEN(2)TEMP(2))/INRTIA
770 RETUPN
280 END -
790
200
810
A28 £25858
a3e
A4P
a5a
asa __ SURKOUTINE M143(FK)
870 C osocvos THIS SUBROUTINE IS FOR A TRACKED
280 W YYY Y MEHICLE: NOY USED MERE
890 END
800 €
910 c
Q28 C
930 c
240 C
950 SURROUTINE MAPR(FK)

(XXX X]

L 2] ] YT Y VENICLE, NOT USED HERE
248 END
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APPENDIX C:

The vehicle parameters necessary for wheeled vehicle simulation

mm:h_-‘_ T m————

E-: are listed In the same order as in subroutine data. The varlable

: names are written in all capital letters. See Figures Cl through C3 :

. for clarification. Those parameters In DATA, not listed herein, i
= are not necessary for wheeled vehicle simulation. This appendix Is 3
] intended as a work sheet for use in obtaining data for simulation of

' 8 new vehicle.

{?[: A. DSETUP

; 1. NY = number of profile points

'L under vehicle (computed) . . . . . . .. .. 0.0
!' 2. IDF - degrees of freedom . . . . . o o ¢ 0 o 00
5 U = I for 2-axle vehicles

F = 5 for 3-axle vehicles

‘U 3. NAXLES - number of axles . . . . ... ... 00
Tj b, NSEGS - number of segments in tire

: model (computed) . . . . . .. 0.0 .. 0.0
; 0.0

r". 50 lFHORzoonoo..ooooo-oo-ooooo
| B. OLEN

1. LEN(1) - 2,2 horizontal distance from front
axle to center of gravity . . . « . inches

2. LEN(2) - 4,: horizontal distance from CG
to rear axle (or center of rear
bogie assembly) « ¢ ¢ ¢« .0 ¢ o o & inches

3. LEN(3) - tx horizontal distance from
center of rear bogie assembly
to center of 2nd axle (= O for
2 .X'.’) L] L ] . L] L] L] L ] LJ L] L] L] L[] L[] 'nCh.s
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Figure Cl, Geometrical Vehicle
Parameters
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b, LEN(4) - £ horizontal distance from center
of rear bogle to center of 3rd axle
(»Ofor2-axles) o « o« ¢ ¢ o o o & Inches

S LEN(S) thru LEN(9) « « ¢ ¢ ¢« ¢ ¢ ¢ o ¢« ¢ o « 0.0 iInches

C. DMASS = Unsprung masses

1. MASS(1) = M,: Mass of front axle in- Ib-sec®
CIUdlng wheels « « ¢ o ¢ o ¢ o o o m
] 2. MASS(2) - My: Mass of second axle . . . . . +%€§§§?
; 3. MASS(3) - H3: Mass of third axle . . . . . 4%%%;;2
Ib-sec®
‘ ho MSS("‘) - MSS(6) e o o o o o o oo o o o o o m
)
. Ib-sec®
! D. DFMSS-MO. Spl‘ung MESS o ¢ ¢ ¢ o o o e o o o o TFCh—.?
E. DINRTA-1_: Pitch moment of inertlia of
o 1b-sec®
'j Spr'ﬂg mass about CG ¢« ¢ ¢ ¢ ¢ ¢ o & .'Tnc e
) F. DESCRIPTION OF SUSPENSION SPRING FORCE
| ;j FUNCTION (see Figure c2)
1. DSLIM - limits of regions
j} '( 8. Front axle:
M) (I) SL'M‘T( l’l) - x” ® s 0 o 8 0 0 0 0 o inches
L (2) SI.IHIT(Q,I) - @l e o o 0 0 e 0o e 0 0 inches
" (3) SL|"|T(3,|) L x3l e ¢ o o o o ¢ o o |nch.8
)
(h) SL""T("") - XM e ¢ o 0 0 0 0 0 0 0 Inches
L( b. Second axle:
Ij (') SLIHIT(l,?) = x'a ® o o 0o 0 0 0o 0 0 s Iinches
i (2) SL'"'T(Q,Q) - @2 o 6 o o & & o o 0 @ 'ﬂCh.’.
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force (lbs)

w Bipical rarve
s displocement
(inches)

Segmented linear
approximation

Equations of lines are:

3 Myt Gy

| = region number (=1,2,3,4,5)
J = axle number (1,2,3)

Fi

Figure C2, Segmented-Linecar Spring
Force Approximation

106
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(3) SLIMIT(3,2) - Rgp o s 60000 e o inches

(8) SLIMIT(3,2) = X5 ¢ 0 o ¢ o v o s o o Inches
c. Third axie (if 2-axles, these are zeroes)

(1) SLIMIT(1,3) = X e o oo 0o oo o e Inches

(2) SLIMIT(2,3) - IR I I A —___ lInches

(3) SLIMIT(3,3) = X3 e o ¢ ¢ & & Sah' 3 Grege b

(8) SLIMIT(H,3) = Xg 0 0 o o oo T Inches

1]

2. DSSLO - Slope of lines which approximate ths force
1 vs. deflection curve of the suspension springs.

a. Front axle:

L (1) SSLOPE(1,1) - Mypeesooooos e —_—
(2) SSLOPE(2,1) - My oo oo oo o .
(3) SSLOPE(3,1) = Mgy o o o e 0 0 o v oo -

|
] (4) SSLOPE(H, 1) = M1 « o v o v e o s
,J (5) SSLOPE(S5,1) = Mgy o« ¢ 0 v o v o v s
b. Second axle:

'J (1) SSLOPE(1,2) - Mg o oo ot o oo o ————"

(2) SSLOPE(2,2) = myy o o ¢ e o 0 o o o s e
(3) SSLOPE(3,2) - Mgy oo 0000 e c oo
(b) SSLOPE(H,2) = mp o o « o + o & S

] (5) SSLOPE(5,2) - my « « & = « 50, B

ce Third axle:
(1) SSLOPE(1,3) = g o o o o« o s oo
(2) ssLoPE(2,3) - Mag o o oo oo os oo o
(3) SSLOPE(3,3) = My o e o v 0 0 0 0 oo
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() SSLOPE(H, 3) - 53 s it R W

'(5) sSLor;(s,s) R PRI

3. DSINT - Intercepts of force vs deflection lines.
a Front axle:

(1) SINT(1,1) - Clprrecvs oo

(2) sINT(2,1) - A I

(3) SINT(3,1) =€y 0 00 e e e v oo 5

(&) sINT(k,0) - LTI IR .

(5) SINT(5,1) = €5y e v v v o v s L
b. Second axle:

(1) sINT(1,2) - Clps oo oosovas

(2) SINT(2,2) = €pp o o ¢ o o o v 0 0 s

(3) SINT(3,2) - PRI -y

(k) SINT(H,2) - Cup * o 0o o EEREE

(5) SINT/" 2 - ¢

c. Third ¢

(1) SINT(1,3) - Clge s v o oo e v oo

(2) SINT(2,3) = gz ¢ oo 0 0 000 0o

(3) SINY(3,3) - Cagececsonnne .

(b) SINT(H,3) - Cqg e v oo oo s oo e

(5) SINT(S,3) - Cgge v e oo oo e oo

r— =
b | S )

G. DESCRIPTION OF SUSPENSION DAMPING FORCE FUNCTION
(see Figure C3)

1. DDLIM - Limits of reglons.




Equations of lines are:

FU - "UGJ + ‘U

| = region number (=1,2,3)
J = axle number (=1,2,3)

Figure C3. Segmented-Linear Damping
Force Approximation




« Front axle:

(l)'otlnlr(l,l) N I R i

(2) OLIMIT(2,1) = vy o ¢ 0000 v w o g
b. Second a_xlo:

(1) oLiMiT(1,2) - Vig s e o e e e e

() oLmiT(2,2) - vy e o 00w a b .l Wit 8
C. Third axle:

(V) oLmIT(1,3) - via e o . e oo L

(2) BLIMIT(2,3) = vpg o o 0000w v a s PR

2. DDSLO - Slope of lines which approximate the
force-velocity curve.
a. Front axle:
(1) DSLOPE(1,1) = njy e o o v e oo uw
(2) OSLOPE(2,1) = nyy o ¢ o o0 0 o v w s
(3) OSLOPE(3,1) = ngy v o v o v & s c o
b. Second axle:
(1) osLope(1,2) - Mg **oceooeooce
(2) DSLOPE(2,2) = nyp o o v 0 0 0 v v o
(3) DSLOPE(3,2) - n
c. Third axle:

y ..........

(1) DSLOPE(1,3) - Mg e oecoeoeees

(2) osLore(2,3) - o3 e o e oo oeeaes

3 ..........
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3. DDINT - Intercepts of lines on demping force
vs. deflection velocity curves. .
a. Front axle:
(V) amr(l,l')-d" ...... e iy
(2) oINtT(2,1) - doy o oo ecncon
(3) DINT(3.1) = dg) e o oo v v ns
b. Second axle:
(1) oINT(1,2) - dig o o ocovee e
(2) OINT(2,2) = dpp ¢ = e o o e s e s
(3) DINT(3,2) - R
o Third axle:
(1) DINT(1,3) - L I
(2) DINT(2,3) = dyg « o o0 e o iu o
(3) OINT(3,3) =dgg e o 00 00 v vl

O 0 o S e e eam

e—
}

=}
o

H. DR - The undeflected tire redius In Inches . . . lnches

!
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APPENDIX D (Documentation of PWRPLT)

I DESCRIPTION: This program ~lots the absorbed power and the
average absorbed power against time. It stores the plot in
a flle on disc which can be printed on a line-printer with
130 chfractcrs per line.

It. (INPUTS AND OPERATING INSTRUCTIONS:
A. Prlor to execution: none
B. During execution:

1. IFILE: The name of the file which contains the power
and absorbed power. This file must be In the formt
of the detailed output file from VEH, with optlons
absorbed power and RMS accelerations specifled. This

" flle name must be 5 or less characters long.
2. OFILE: Desired .aome of plot file; not over S characters.
11l. OUTPUTS: One file containing a plot of absorbed power and

average power vs. time.
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IV, SAMPLE EXECUTION:

JEX PVAPLT -
FORTRAN: PWRPLT
LOADING

LOADER 4K CORE
EXECUTION

IFILEs FILEX

OFILE:s: PWRX

END OF FILZ ON DSKI

C/IF /8Ky 7y /TXy7)

).AST FORTRAN 1-0 AT USER LOC 020267

EXECUTION Tidfs B.20 SEC,
TOTAL ELAPSED TIMEs 45,29 SEC.
NO EXZCUTION ERRORS DETECTED

EXIT

. -
B, ©
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! V. PROGRAM LISTING:
t a0 DIMENSIONM X(120),7(410)
n20 DIMENSION P(10),AP(1P)
a3p DATA X/120e' 1/
H 240 STAR= 1 e!
a%Q PLUSE !
r p6a BLANKa! !
{ 222 WRITE (6,900)
280 988  FORMAT('" IFJLES ',S)
- as@ ACCEPT 995, FNY
i 100 995 FORMAT(AS)
H 110 CALL IFILEC21,FN1)
120 WRITE(6,903)
43¢ op% FORMAT(' OFLIEL ',§)
] 140 ACCEPT 995, FN2
150 CALL OFILE(22,FN2)
r~ 160 c
J 128 WRITF(22,940) FN4
180 940 FORMAT(' GRAPH OF TIME VS ABSORBED'
190 e ' POWER FOR ', AS,'.DAT'/Z)
1 200 WRITE(22,945) (],189,22)
] 218 94%  FORMAY('e','TIME ',11,22¢3%,12),
227 ¢ 'PNDWER AVE'/)
232 _419% DO 110 J=i,300
[ 247 READ(21,995) TEST
250 1ELEOFC) GO IO 9999
260 112 IF(TESTEW,'s TI*') GO TO 120
[ 272 GO Y0 9999
280 122 00 130 121,10
200 READ{21.928) T(I). APCLY.PCI)
U 300 IF(EOFC) GO 10 135
31e 137 CONTINUE
320 929 FORMAT(//F o /8XosF s /7%sF)
I3 _JdJzio
B 340 GO 7O 136
350 4135 sl
360 136 D0 140 Is%1,JJ
B X270 1X8(5,9AP(1)¢,5)e1
Jae IFHY.LE.’M IXag
392 1F(IX,6Y.,312) Ix=110
| 400 X(1X)aSTAR
8 440 c
4
i -
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420 IXXR(S,0P(])e,5) e}
A3e IFCIXK LEL@) 1XXni
440 xrtxxx GT,11€) 1XX8110
450 Ax_x_znuz
1Y) ‘ URITE(22.’30) TL1)etXCJ) I8, 11|a.

: i | X8R
400 930 FORMAT('e!,FS,2,14PA8,2F6,2) e
ARE X{1X)8BLANK
500 140 X¢IXX)sBLANK
LT )] —L0 10 105 :
[TT] 9999 WRITE(22,945) (1,1w9,22) 3
0.+ 1.] CALL EXIT e
1540 END

5 il . ”
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